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almost any cell type. Rnhortson Meth Cell Biol. 75:173, 

1997: and Pedersen, Reprod. Fert... Dev. 6.543, 1994). Mous m ^ 

embryonic cei, and germinal tissue. Desirab,e character,^ f gnd retgin ^ 

capable of indefinite pro.iferation in vitro in an .different,^ ^ 
potentia. to differentiate to derivatives of a.l three embryonic germ layers (en 

^development of preparations of hU man p.unpotent stem cei.s has invoived overoorn^ a number of 
technical difficuKes. and is considerably iess advanced than ^ tne first to 

Thomson et a.. (U.S. Patent 5,843.780: Pro. Nat.. Acad. Sc USA 9 ^ ' 
SUC cessfu..y iso.ate and propagate piuripotent stem ceiis from pr,m^ and coders 

emb.on,c stem (hES) «- - ^TJ^^^i^L et P~ N a, Acad, 
derived human embryonic germ (hEG) cell lines rram ie a 

Sci. USA 95:13726, 1998; and U.S. Patent 6.090.622). cnaracte ristics of piuripotent stem cells: 

Both hES and hEG celis are reported to have the ^ Karyotype, and 

they are capable of iong-term pro.iferation ,n — -J£*«*y ^ 

genetic abnormality, trauma, or a disease condition. 
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cells in the culture env.ronment. hPS cells soon «. o ^ 

replace the role of feeder cells .n p ^ ^ ^ ^ Ttqfm the 

cells increases production costs, impairs scale-up, ano P 

p ,uripotent stem cells to be separated from feeder cel. components for 

o-r, .» — . — — - — — - - 

Ce,IS - 4 o «■ ««„„ WO 99/20741 (Geron Corp.) is entitled Methods and Materials for the 

international l^ Z 1 ce.l culture medium is provided for B rowin g primate- 

Growfh of Primate-Derived Pnmord,al Stem Cells. A ceu c ^ ^ 

major achievement towards resizing the fu.l potential of embryonic cel. therapy. 

gi IMMARY OFT HF INVENTION 

conditioned medium on a commerce, scale. Me ^. h ^ e ^ The system describeo in this disclosure 
producfonofimportantproductsforuseinhumantherapy. 

This disclosure atso prov.u^ MC « n ttailv free of feeder cells, comprising 

. * «»«rr, /npq\ cells in a qrowth environment essentially tree ot »wu 
K) primate plunpotent stem (pPS) cells mag han/estinQ tne conditioned medium. The cells used 
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genetic altered to express te.omerase reverse transcriptase). Methods for producing suitabie human feeder 
cell lines from human embryonic stem cells are described. 

This disclosure provides a method of producing a differentiated ce.i P opu.ation. compnsmg caus.ng or 

«~rr«ittinn nPS ceils in feeder-free culture to differentiate. 

^'"Z — a,o provides a method for product differenced ce„s from pPS ce.ls (c^w. 
or without feeder ce..s) by direct differentiation. A suspension of ceils is prepared from an 
on culture before there is overgrowth, formation of colonies, embryoid bodies, or other aggregates, a d 
len P a ing direct* onto a so.id surface. The surface may bear a po,y-cation (such as poly-.ys.ne or p£ 
ZL> Differentiation down certain eel, .ineages can aiso be promoted by withdrawing serum or actons 
ZTht differentiation and/or adding a factor that promotes dKferentiatio, either in feeder-free cuiture or 

afterr tis n di S c.o S ure a.so provides a method of screening a compound for ce.lu.ar toxicity or modulation of 
the ce.l. comprising contacting a differentiated eel, of this invention with the compound, determ.n.ng any 
phenotypic or metabolic changes in the ce.l that resutt from contact with the compound, and corre.at.ng the 
change with cellular toxicity or any other change in cell function or biochem.stry. 

Gene and protein expression can be compared between different ce.l populates obta.ned from pPS 
cells, and used to identify and characterize factors upregulated or downregu.ated in the course of 
differentiation, and produce nucleotide copies of the affected genes. 

This disclosure also provides methods for producing geneticaHy altered primate plunpotent stem ( P PS) 
ce..s. in one variation. pPS cells are transfected in feeder-free cultures. In another variation. pPS ce.ls are 
transfectsd in cultures containing feeder ce,.s that are drug-resistant, and wi.l withstand drug se.ect,on of the 
successfully transfected pPS cells. The vector used for transfection often comprises a protein encod.ng reg.on 
operably linked to a promoter that promotes transcription in undifferentiated pPS cells. Also P""*-" 
population of primate oluripotent stem (pPS) cel.s or ce.ls differentiated therefrom, in wh.ch a sub * t,a 
proportion of the cells have been stably transfected with a polynucleotide, or are the progeny of such ce.ls that 

have inherited the polynucleotide. (r , 

This disclosure a.so provides a method of producing an mRNA preparation or a cDNA l.brary from 
primate p.uripotent stem (pPS) cel.s before or after differentiation, comprising providing a culture of 
undifferentiated pPS cells essentially free of feeder ce.ls. optiona.lv permitting the pPS ce..s to d.fferent.ate. 
and isolating mRNA from the undifferentiated or differentiated cel.s. These techniques can be used to prepare 
cDNA expression and subtraction libraries. When the mRNA is obtained from feeder-free pPS cultures, the 
cDNA .ibraries may comprise at .east 1 ,000 genes expressed at the mRNA .eve. in either undifferent.a.ed pPS 
cells or cell, differentiated from pPS cells, and be essentially free of cDNA of other vertebrates. Sequence 
information for genes expressed in undifferentiated pPS cel.s. and their differentiated progeny, can be used to 
prepare cDNA and protein derivatives of the expressed genes, and specific antibody to the gene product. 
These and other aspects of the invention will be apparent from the description that follows. 



Drawings 



Figure 1 is a half-tone reproduction of photomicrographs showing the morphology of hES cells in 
feeder-free culture. Pane. A (Left Side) shows morphology of hES cel.s cultured on feeder ce.ls in regular 
culture medium (mEF/RM), or on Matrigel®. laminin. fibronectln. or collagen .V in mEF condrtioned med.um. 
Panel B (Right Side) shows morphology of hES ce.ls maintained on Matrigel® in medium condoned by mEF. 
NHG190. STO and BJ 5Ta cells, compared with unconditioned regular medium (RM). hES cells .n regular 
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medium dtfferentiated within the first week of culture. hES cells in certain types of conditioned media 
contained colonies with appropriate morpho.ogy for undifferentiated cells. Pane, C is a bar graph showing 
.ntegrin expression measured in hES cells maintained on feeders in regular medium (mEF/RM) or on 
Matrige.® or .aminin in mEF conditioned medium, .ntegrin components a6 and P 1 may play a role ,n 
adherence of hES cells to extracellular matrix. 

Figure 2 shows surface marker expression in feeder-free cells by FACS analys.s. Panel A .s a FACS 
scan profile showing expression of SSEA-4. a glycoprotein expressed by hES cells grown on feeders ,n 
regular medium (mEF/RM). or on extracellular matrix with conditioned medium. Pane. B is a bar graph 
showing fluorescence intensity of surface markers for hES cells cuttured on different matrices. Pane. C .s a 
bar graph showing surface markers for hES cells cultured on Matrigel® in conditioned medium from drfferent 

cell lines. . 

Figure 3 is a half-tone reproduction of micrographs showing marker express.on detected by 
immunocytochemistry for ce.ls grown with primary feeder ce.is (mEF) or on the extracellular matrices Matrige.® 
or .aminin in conditioned medium. hES cells grown in feeder-free culture have phenotypic markers s.m.lar to 
those of hES grown on mouse fibroblast feeder ceils. 

Figure 4 provides an analysis of OCT-4 and hTERT expression in hES cells cultured with feeder cells 
(mEF) or extracellular matrix (Matrigel® or laminin) with regular medium (RM) or conditioned medium (CM). 
The upper panel is a copy of a ge. showing OCT-4 and hTERT expression at the mRNA level by RT-PCR. The 
,ower pane, is a bar graph comparing the .eve. of expression for ce.ls grown on different substrates, expressed 
as the ratio of OCT-4 or hTERT to the 18s standard. hES cells grown on Laminin and Matrigel® in conditioned 
medium have similar expression patterns to those of cells grown on a feeder layer. 

Figure 5 is a half-tone reproduction of a gel showing telomerase activity measured in cuttured hES 
cells by TRAP assay. All the culture conditions showed positive telomerase activity after 40 days in feeder- 
free culture. 

Figure 6 is a half-tone reproduction of immunocytochemistry performed on cuttured hES cells that were 
allowed to differentiate through embryoid body formation. Regardless of whether the hES had been cultured on 
feeders or on extracellular matrix, the staining patterns are consistent with a potential for differentiation .nto 
different cell types. The staining patterns show cells of the neuron and cardiomyocyte lineages (p-tubulin III 
and cardiac troponin I. respectively. There are also cells staining for a-fetoprotein. a marker of endoderm 
lineage. 

Figure 7 is a half-tone reproduction of the histopathology of teratomas derived from hES cells, as 
another indicator of their ability to differentiate into different cell lineages. Panel A (Upper Row) shows a 
number of different cells in teratomas from hES grown on mEF feeder cells. Panel B (Lower Row) shows 
different cells in teratomas from hES grown in feeder-free culture. 

Figure 8 is a FACS profile of transduced hES cells for GFP expression and SSEA-4, a marker of 
undifferentiated cells. hES cells were plated on feeder layers and infected 48 h later with either the adenoviral 
vector AdSGFP or the retroviral vector GRN354, both of which include a GFP expression cassette. The cells 
were harvested, stained with an antibody against SSEA-4. and assessed for GFP expression by flow 
cytometry. Upper panels show the background fluorescence and SSEA-4 positive staining in mock-.nfected 
cultures. Lower panels show the level of green fluorescence resulting from expression of the GFP. 

Figure 9 shows the results of an experiment in which hES were genetically altered in feeder-free 
culture by lipofection. Panel A is a half tone of a light micrograph showing morphology of hES cells on laminin 
after they have been transfected for GFP expression. Panel B is a half tone of a fluorescence micrograph 
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• • «. mkmu panel C is a bar graph showing percentage of cells expressing 

showing GFP expression in the same colony. Panel c is a Dar a 

GFP under various conditions. rfp oositive cells in SSEA-4 positive cell 

Fig0 ,e ,0 is a oar graph showing the percent^ -^^^ undtfferentiated hES 
population (undated ES cells). Pane. A: ™J^£l£ in hES cel. colonies grow, on 

(L) or FuGENE 7 " (F). producing conditioned medium that supports 

Figure 11 shows features of a human cell line capaoie or pru a 
hE S ce s in feeders culture. Pane. A is a copy o» a phase contrast micrograph, sho^ngth* theHE « 

acquired telomerase acbvity. educed HEF1 cells, and cells transduced with 

^L~*~* • *»— te ' — TranSteC1 °" "* 

extends the life-span of the cell line and forestalls senescence. 

Figure 14 shows colonies of hES ce,.s after passaging into conditioned medium. Panel A « a oo^of 

T==Ti:r 

telomerase activity characteristic of undifferentiated cells. 

pcTAii Fn DESCRIPTION 

This disclosure provides a system for growing primate piuripotent stem <pFS) cells in vitro without 

rpnuirino a laver of feeder cells to inhibit differentiation. 

" h s Ln found that the ro,e o, the feeder cells can be rep.aced by features in the cuUure 
environment that support proliferation of the ce.ls without differentiation. One such feature ,s a su,«*e 
ri on the cull surface, such as extrace.lular matrix exemplified by Matrige.® and lam™, Ano her 
eatur^ t th use of cu.ture media containing factors tha, in some way effectively inhib,t drfferent,^ 
exempli ed by conditioned media. Cells for conditioning media to support P PS cells .ncU.de pnm ry 
7Z1 ^blasts, telomerized fibroblasts, and fibroblasts ce.,s drfferenKated and selected from cultured 

^In an exemplary preparation, undifferentiated hES colonies were harvested from , hES c^tures on 
feeders and then seeded onto a Matnge® substrate in conditioned medium at approbate* 15 co.on.es to 
6 cm^ we... The day after seeding, undmerentiated hES cei.s were visible as smal. ^n-es of abou 
r^OO ce..s. and there were sing, cells in-between the colonies that appeared to be 
dying As the hES ce.ls proliferated, co.onies became large and compact, representing the ma,onty of surface 
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• * fho «»iis had morphological characteristics of 

s^rj=rrji:^—. ------- 

the culture. ch js eompiinUB to hES grown on feeder ceUs. 

Doubling rate was of the order of 20-40 ho , days after 

Medium was changed dally, and the ce.,s were nlorescence. Over 90 % of the cel.s 

init ia. seeding, the ceLswere tested for ce, l«ta positively for but .ess than 15% 

stained positive* for SSEA-4 and Tra- -60; over ■« . «d£ V ^ ^ ^ ^ 

stained positively for SSEA-1. This .nd.cates that at least 80* 

phenotype expected for undifferentiated hES ; cells and main , ai ned in long-term culture 

« has a.so been discovered that feeder ce.ls an be ^ medium. For example, primary 

without causing them to lose the abi.ity to produce h.gh qua <y «* ^ 
m0 use embryonic fibroblasts can be immortal by gen * medKml 

transcriptase <Examp.e 8, It has also ^^2 ^^ were drfferentfcted by forming 

commercia. scale of consistent* high ouahty ^ advantages . For 

Culturing pPS cells in an env,ronment free of feeder cells nas 

example: . , „ ci c more easilv scalable to commercial production. There is 

attractive from the perspective of regulatory scrufny - the pPS ce* c* 
^ponentsand no components of ^"^^^^"^^ IS also {ac ilKated. 
. screening of pharmaceuticals, to.ns. or potent "^^^J^ used to 
Substances can be added to the culture medium wrthout a coliatera. effect 

yi e,d of mRNA per cm* culture area is higher. The library w,„ ^T^^^ pattem 
the feeder ce.is (cDNA o, a different species, or dtfferent hum. ' ■"T^^ can alS o be 
may reflect as much as 90% undifferentiated pPS ce.l phenotype. **^*™ 
obtained that are enriched for full-length cDNA of genes modulated dunng development. 
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. senetic transfection - feede,free cu.tures facias se.ection. ^^2^Z 
ma rKers. and gives much higher .eve, of transient expre^n- « ^ ^ 

genet.ca.ly a.tehng pPS eel, without causing " Qf ^ ^ efficiency 

in fee deMree culture. The feeder-free ^ been wilh . 

of transfection. In mode, expenments. -15/. of cells mfee 5% ^ 

m x= e rrz " d rz: =rr - -~ — - 

The technics pro.ded In this invention Mention £ be und erstoo d from the 

stem cells for research and therapeut.c use. Further advantages 
sections that follow. 

Definitions 0i ... (np{5 Pellsl are piuripotent cells derived from pre-embryonic. 

Prototype "primate P.unpotent Stem cells (pPS ceUs) are p P upder the 

embryonic, or fetal.sueatany^^^ of ^ 

right conditions of producing progeny of several different I types . p ^ 
prog eny that are derivatives of each of " ^^J^^*.^** 
according to a standard art-accepted test, such as the ab.lity to fcnn . d ^ 

lnclu aed in the definition of pPS eel, are embryo, « ~ * ^ ^ 

embryonic stem (hES, cells, as described by Thomson e, a so . e 282^ ^ ^ ^ ^ 

fro m other primates, such as Rhesus or marmoset te„ e, Is cnbe y ^ ^ ^ 

Sc. USA 92:7844. 1995; Developmental B,o.ogy ^™ ^ other ^ of plU r,potent ce., are 
described in Shamblott et at. (Proc. Natl. Acaa. ^ci. ■ nrnnGnv that are derivatives 

:;:;ri™ F :;:rirr:;r— . . . — * - - - « - 

substantia, proportion of stem eel, and their der.vat.ves n the P£**^ ^ ^ embryo „ a(jult ongjn . 
of undifferentiated cells, clearly distinguishing them tram ,„ niral | v aDDear in the two 

Undifferentiated pPS eel, are easily recognized by those ^^^^^ is understo od 
di mensions o, a microscop.c view with high nuciear/cytoplasm.c nejghboring cells that 

that colonies of undifferentiated eel, w.thin the popu at.on ^ ^ „ cu|tured or 

are dtfferentiated . Nevertheless, the undifferent.ated co.on.es *™ * a substantia, proportion 

passaged under appropriate cond.tions, and individua. ^^^^^^^ pPS 
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^ , « — — - — — — - - - — 01 as me 

originating culture. co -cultured with cells of another type, to 

-Feeder ceHs' or -feeders' are cel.* of one type that are c^ur ^ ^ 

provi de an en.ronment in which ft. ce„s of - ^^^^^^^i.pp^b, 

different species as the cells they are supporting. fW ^'^^ em ' flbroblasts , or human 
primary cuitures of mouse embryonic fbrob.asts. ^^^^ ln mMe ^ pPS 

„ pwpoten, ,„ »».d «. «». - -p.-**' »<•*>-«»■ — • 7 *^jtjzt 

c*. h-patoc^s. =rd po«n,ia.» «*, ,« c*. An-* ***** 
^ ""Lrs . . rt — ^ - — - «. - — - 

aM -~ «~ «~ ~ — — eetjse 



PCT/US01/01030 

WO 01/51616 

• , ra the term nucleotides refers interchangeab.y to doub.e- and single-stranded molecu.es. Unless 
Closure. embodjment of ^ invention ^t is a poiynucleotide encompasses both a 

otherw.se spec* d or 6 ^.ementary sing.e-stranded forms Known or predicted to ma*e 

double-stranded form, and eacn ox me wo h KDtvimon ^nucleotides tor degree of identity, it is 

up *e doubto-stranded form. When comoanson ,s ^^"^ smse J^sense strand is 
5 impiiciUy understood that complementary strands are eas,, gen-t 

zz^~~*^?^zrz 
zz z rzz iti-rr. - — - — 

10 insertions or deletions. tMoMifi ~ cenuence involved in an interaction of 

codina region if the promoter helps initiate transcription of the cod.ng sequence, here 

25 ™ are used ,terchangeab,y in this disdosure -ef er to 

M poiyme::/^^^^^ 

branched and it may be interrupted by non-amino acids. Percentage of sequence .denfty ,s ca culated to 

ZtSes by first aiigning the po.ypeptide being examined with the reference 

ILunfing the number of residues shared between the "^^^^^ ™ 
30 region under examination, without penalty for the presence of .nsert.ons or deletions. Where 

Ze conservative substitutions (in which one amino acid is substituted by another w,th s,m..ar charge. ^ 
:;tp b Jty. or aromaticity) are typicaUy better derated. Oesirab, sequences preserve 
prototype: for examp.e. the enzymatic activity, the binding of specific substrates, and the b.nd.ng of specie 
antibody as detectable in a standard competition inhibition immunoassay. 

I eel, is said to be "genetica.ly altered", "transfected". or "generally transformed when a 
35 pcynulc 2 as bl transfer! into the ce„ by any suitable means of artficia. manipulation, or where the 
^ is a progeny of the originally altered cel. tha, has inherited the polynucleotide. The po.ynuc.eot.de w.H 
0 ; c mX transchbaL sequence encoding a protein o, interest, which enab.es the cel. to express ^ 
Tlin at an e.evated .eve.. A.so inciuded are genetic alterations by any means that result ,n funct.ona.ly 
ah aiterina or abolishing the action of an endogenous gene. ^ Miin „ 
The genetic altera*, is said to be "inhentable" if progeny of the a.tered cei. has the 
Determination of whether the geneUc a.teraUon is inheritab.e can be made by detect^ 
po.ynucleotide template (e.g.. by PCR amplification), or by detecting a phenotyp,c feature (such as express.on 
of a gene product or effect thereof) that depends on the genetic alteration to be manrfest. 
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. ■* w~ *Kmunh at least 4 rounds of ceil replication. 
The genetic alteration is said to he "stable" if ■ is « ^ M of . phenotype 

detectable as me presence of ft. J™*^ 7 , ^ otypic Mature in the 7* general 

(at tne mRNA. protein, or function* .eve.) ,s sa.d """^J^^W^ ce ... Stab.e expression 
L.. is at .east 10% (and often at least ,»«) of that ,„ the js saj(J to be , ransient - lf the 

indicates that the genetic atteration is aiso stab.e. The ■"^T* ^ ? , cell division . 

Nucleotide tempiate is absent the J*-** - is no 

Bcpressfcn of a phenotype is said to be "tr ns ^^^^ tQ |oss oUhe tempfcte or because o, 
more than 5% of that in the originai genetically altered cel.. whether 

some mechanism inhibiting expression of the at |east 10 passages. The 
A "cel. line" is a population of cells that can be propagated S mea surab.y different 

telomerase reverse transcriptase (TERT) of any speaes s .^.^ ^ 

tra n,ated in the ce, The term a.so applies to progeny of sequence is ^ 

« to express the TERT ^^"^^rn«-™.-^«-- 

taken or adapted from a mammahan TERT gene ex emp. y 

A cel. .ine is described as "permanent" or ".mmortahzed transcn ptase (TERT). 
1} . has been 

d etectab.e. for example, as mcreased telomerase ye under 

no more than 15 po P u.ation doub.in 9 s. it has been generally alt red to e* ^ ^ 

suitab le cuiture condUions to at .east 20 popu.at.on , do* rep.icative capacity of 

and retaining the desired antigen binding specficrty. 

General Techniques invention, the practitioner can 

For further e.aboration of genera, techn.ques useful «, the prad.ee of th 
refe r to standard texIbooKs and reviews in ce.. biCogy, tissue * ^^T^H-l*-™ 
Teratomas and embryomc stem ce//s. A approacn ^"o*™^ Press 1993); Embryon/c 

Srem Ce« * (M-V. Wi.es. Meth. Enzymo . ^ * .... 

^brvon/c Sfem Ce«s. Mparts -b, APP*— » Hum* *^ £*P, _ 

al.,1993). Differentiation of stem cells is reviewed in Robertson. Meth. Ce.l B.ol. 75.173. 

Reprod. Fertil. Dev. 10:31 . 1998. rip - cribe d oenerally in the current editions 

Methods in molecular genetics and genetic eng.neenng are described genera y 
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D , , ,n Moieouiar Bioiogy and Short Protocols in Moiecuiar Bioiogy. 3rd Edition (P.M. Ausube. at 

BioRad. Stratagene. Invitrogen. and ClonTech. thejr ^ i those 

torhninues involved in preparation of mRNA ana cun<~ num 

used ,„ « P^n, — • - - 



Fiore, Bantam NY, 1967). 

30 oecsrt, Mm 10 ^ » ure of M of «« 

r:r « — - - - - - - «■ -~ - - * ^ 

pluripotent cells taken directly from the tissues listed. 

cells olt d have the desired characteristics, and can be propagated further. Suitable sources are a 
cells obtained nave me u , nMPM v rihco « 1 1965-092- Knockout Dulbecco's modified 

follows: Dulbecco's modified Eagles medium (DMEM), G.bco # 11965 norvessen tial 
Eagles medium (KO DMEM), Gibco • 10829-018. 200 mM L-g.utamine. G.bco • 15039-027. 

Td solution Gibco 11140-050: p-mercaptoethanol, Sigma * M7522: human recomb-nant basic 
40 ammo acid solution Gbc M1 I 0- P serum . CO ntaining ES medium is made with 

rS^K?S^ ^ - serum (F BS) not heat inactiva.d , 0, rnM^ 

Itia, amlo acids. 1 mM L-g.utamine. and 0, mM ,-mercaptoethanol. The medium and to^d 

at 4-C for no longer than 2 wee*. Serum-free ES medium is made w,th 80% KO DMEM, 20/. serum 
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replacement. 0.1 mM non-essential amino acids, 1 mM L-giutamine. and 0.1 mM p-mercaptoethano.. Not all 
serum replacements work; an effective serum replacement is Gibco # 10828-028 (proprietary formula; product 
obtainable from the manufacturer). The medium is fittered and stored at 4"C for no longer than 2 weeKs. Jus. 
before use, human bFGF is added to a final concentration of 4 ng/mL. 
5 pPS cells are typically cultured on a layer of feeder cel.s that support the pPS ceUs in various ways, 

such as the production of soluble factors that promote pPS cel. survival or pro.iferation. or inhibit differentiator 
Feeder cells are typical.y fibroblast type ceils, often derived from embryonic or fetal tissue. A frequently used 
source is mouse embryo. Useful feeder ceil fines have been obtained by obtaining embryonic fibroWasts 
transfecting them to express teiomerase. and then passaging them or freezing them for future use. The cel. 
10 iines are plated to near confluence, irradiated to prevent proliferation, and used to support pPS cel. cultures. 

,n one illustration. pPS cells are first derived and supported on primary embryonic fibroblasts. Mouse 
embryonic fibroblasts (mEF) can be obtained from outbred CF1 mice (SASCO) or other suitable strains. The 
abdomen of a mouse at 13 days of pregnancy is swabbed with 70% ethanol. and the decidua is removed ,nto 
phosphate buffered saline (PBS). Embryos are harvested; placenta, membranes, and soft tissues are 
15 removed; and the carcasses are washed twice in PBS. They are then transferred to fresh 10 cm bactenai 
dishes containing 2 mL trvpsin/EDTA. and finely minced. After incubating 5 min at 37»C. the trypsin .s 
inactivated with 5 mL DMEM containing 10% FBS. and the mixture is transferred to a 15 mL con.ca. tube. 
Debris is a.lowed to settie for 2 min. the supernatant is made up to a final volume of 10 mL. and plated onto a 
10 cm tissue culture plate or T75 flask. The flask is incubated undisturbed for 24 h. after which the med.um .s 
20 replaced. When flasks are confluent (-2-3 d), they are split 1 :2 into new flasks. 

Feeder cells are propagated in mEF medium, containing 90% DMEM (Gibco # 11965-092). 10% FBS 
(Hyclone # 30071-03). and 2 mM glutamine. mEFs are propagated in T150 flasks (Coming # 430825). spl.tt.ng 
the cells V2 every other day with trypsin, keeping the cells subconfluent. To prepare the feeder cell layer, 
cells are irradiated at a dose to inhibit proliferation but permit synthesis of important factors that support hES 
25 cells (-4000 rads gamma irradiation). Six-well culture plates (such as Falcon # 304) are coated by incubat.on 
at 37-C with 1 mL 0.5% gelatin per well overnight, and plated with 375.000 irradiated mEFs per well. Feeder 
cell layers are used 5 h to 4 days after plating. The medium is replaced with fresh hES medium just before 
seeding pPS cells. 

30 Preparation of human embryonic stem (hES) cells 

Human embryonic stem (hES) cells can be prepared as described by Thomson et al. (U.S. Patent 
5.843.780; Science 282:1145. 1998; Curr. Top. Dev. Biol. 38:133 ff.. 1998; Proc. Natl. Acad. Sci. USA 
92:7844. 1995). 

Briefly human blastocysts are obtained from human in vivo preimplantation embryos. Alternatively, .n 
35 vitro fertilized (IVF) embryos can be used, or one cell human embryos can be expanded to the blastocyst stage 
(Bongso et al.. Hum Reprod 4: 706, 1989). Human embryos are cultured to the blastocyst stage in G1.2 and 
G2.2 medium (Gardner et al., Fertil. Steril. 69:84, 1998). Blastocysts that develop are selected for ES cell 
isolation The zona pellucida is removed from blastocysts by brief exposure to pronase (Sigma). The inner cell 
masses are isolated by immunosurgery, in which blastocysts are exposed to a 1:50 dilution of rabbit ant,- 
40 human spleen cell antiserum for 30 minutes, then washed for 5 minutes three times in DMEM. and exposed to 
a 1-.5 dilution of Guinea pig complement (Gibco) for 3 min (see Solter et al.. Proc. Natl. Acad. Sc.. USA 
72:5099, 1975). After two further washes in DMEM. lysed trophectoderm cells are removed from the intact 
inner cell mass (ICM) by gentle pipetting, and the ICM plated on mEF feeder layers. 
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M , to ,5 «. M» cel, maraud outgro-a are —d— "» *— — » ° 
MM «- « «— » mEF ttV=,S " ™ w wipe... rnechanically 

— . — — ; -5zrzz?<zzz : — - 

dissociated into clumps, and replated. ES-hke morpno.ogy 
micropipette. Clump sizes of about 50 to 100 cells are optimal. 

dissected tern f.lal mart* tne genital ridges are MM » PBS. then placed m 0.1 ml HCD digests so* 

we V. 0.002% ONAse I. 0.1% typ. ,V. a, ta *- P™*- - » 

1*, JL* T-.de is n*ced and incited - » or overnight a. 37-0. resided » « « 

«. ,n JL EG _ medi™ Iree * PFGF o, — eo * ~ J™, 
slble MM are STO cells (ATCC Accession No. CRL 1503). -0.2 mL .1 onmar, germ cell (PGC) 
Jl^* added „ each c< « we.s. ™e «, passage r. conducted a»e, 7-10 days in EG . grow* 
wnslemn. each well to one ol a 24~> culture d,st. odiously P™Pa™" -> ST0 
rr«c~ - are c*red M daily M— o, *«- - ce. — , consent 
with EG cells are observed, typically after 7-30 days or 1-4 passages. 

SU ppon P Xt:: without prl«ng differentiation. ■ - been determined that hES 
Jit Irentiation. even in the absence of feeder ceils. For feeder-free cu.ture. ,t ,s 
, compatibie cu,ure surface (the substrate), and a nutrient medium that sup P .,e S some of the .nfiuences 

Pr °™ a substrate for feede,free P PS cu.ture are e—ar matrix component 

(dehved from basement membrane, or forming part of adhesion mo.ecuie receptor-i.gand coupl, £ A 
Lmercia. preparation is available from Becton Dickenson under the name Matngel®. and can be obta,ned 
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, h foirnulation Both formulations are effect Matrigel® is a soluble 

Depending on the ce., type be,ng prohferated. ns are eompoB1BlB of al , basal 

he paran sulfate, and the .ike. a.on e or ,n vanous «*""^ ^ an(J o6(J4 (spedfic for lami nins) 

and other heterodimers (that cross-react wth other ma*ces>. 9 ^ ^ ^ ^ 

exa mp,es. co,.a 9 en ,V supports hES °- ertracellular ma*i* components, 

using the experimenta. procedures descnbed here, c."de « J ^ ^g,. 

butat so PO^nes(suchaspo^^^ ^ ^ jR ^ pr6sence of . 

The pluripotent ceils are plated onto the substrate .n a ^ cnara cteristics. These 

medium that promotes cell survival. propagat.on, and relen l 

of the distribution is the 

characteristics benefit from carefu. attention to the ^ cm -> promote surviv.1 and 

pla ting density. H has been found that plat,ng J^** 1 ^ ^ gnd about 170 ,000 em* is used. 

Another feature is the d.spers.on of cells. Thepropag (n 
cens into a singie-cel. suspension (Robinson. Meth. Mol. ^ ^^^Lr in small dusters, 
paging pnmate PS cells has previous, thought to r = ^ ^ M&nase iv , 

En^c digestion is halted before cel.s ^ ^^Z ntldU - «*» «- are 

finer cel. suspens.o, providing that an «^^"^Z^^™> * absence of 
sufficient, high. By way of illusion, confluent human embryon stem ce^ ^ ^ 

mM EDTA for 5-15 m.n at 37 C. Witn ine u SUSDe nsion comprising single cells and 

- - — ^:rjr;r:r a rr;~»o ~* » — — 

some small clusters. The cells are then piate tecrm ique is similar to what is observed 

:r3rrrr te :rr:r»:rr: n . - - — - 

dispersal. f h . _ cultured in a nutrient medium. 

P PS ce„s Plated in the absence of fresh feeder ^^jT^Zl. inciuding isotonic buffer. 
The medium wi.i generaHy contain the usual components to nhance cel. au» ^ 
essentia, mineral and either serum or a serum replacement of some ^ 

W has been conditioned to supply some of the e.ements prov d * by feeder c^s. ^ 
Co— -dium can be prepared b y « £ medium such as KO DMEM 

another suitable can preparation) at a dens-ty of -5-6x10 cm 3 (b(=GF) . T he culture 
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. . m — - — - * • — — -* «-»» — ' " S ™"° 

tank bioreactors or air-lift bioreactors. riitionad for 1-2 days is typically used to 

c ^ M " ~ ™ 7 5 Z. 2. — . -* - — — ■ 

pen-PS ■ <-*■ —» ■** « P »"»• "* " ^ ^iX^r " *n p.****, » 

- £ C - — — «— - — ■ - — — "* CPS — ** 

25 morphological features of fibroblasts. 

Exemplary non-Human ce// Unas for comtttomrv media 

Feeder cells typically contain fibroblast type cells. Pnmary embryonic or fetal feeder cm 

cells are genetically altered with an immortahzmg gene, such as a gene tnai e *P 

" ""T^ - -i used for conditioning medium can also be gene^ly ^^^Z 
more additional features. For example, for screening purposes, cells «. be ^^^Z 
genes for one or more antibiotics, such as neomycin, hygromycin. or puromycn Example 
provided with marKer genes, such as green fluorescent protein (Example 8). 

40 urface antigens (such as a truncated NGF receptor) that provide a tag for immuno.so.afon. Cel. can also be 
led 1 genes for the biosynthesis and secretion of factors that suPP— ^ 
for supporting pPS culture. Exemplary is human basic fibrob.ast growth factor (bFGF), and other nutnfonal 
supplements listed in this disclosure. 
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To increase the relative capacity of a ce.. .ine used for conditioning medium, they can be te.omerized 
(or otherwise immortalized) as described elsewhere in this disclosure. 

rrf nPS cells in a culture environment essentially free of feeder cells. 
9 Zlt 1 Z the P PS can be initiated by first forming aggregates, for examp.e. by overgrow* of a 
, pt ce lure or by cu.turing pPS cells in culture vessels having a substrate with low adhes.on 

P Once dLentiated. the population can be enriched for medium-conditioning cells eUher accord^ * 
markers they express (for example, by immuno.abe.ing and fluorescence sorting, by sorting on magnetic 
>r heads or bv immune-specific lysis of contaminating celts). 

bas been disLred that fibrob.ast-like cells differentiated from hES cells are especa.ly appropnate 
for J« according to this invention. A fibroblast-like ceil can be recognized by morphology 

11 particulariy the stellate or spindle-shape of the eel, with cylop,asmic processes that - 
found i connective tissue. Further confirmation of the fibroblast nature of a cel. can be obta.ned by 
30 Z°Z Z secreted products of the cel., such as collagen matrix, co.lagenase. and vanous .sotype 

Z^L growth factor particu.arly bFGF. These markers can be detected at the ,eve. of transition or 

tranS ' a OiLntiated pPS cel.s can then be tested according to the assay outiined above, to determine if they 
are suitable for conditioning medium in such a manner that the medium supports P PS cel, growth ,n feeder- 

35 free " clones differentiated and selected from hES in this manner typically are capable of replicating ,*c« 
cu ,ture for at least about 30 days (Examp.es 12 and 13; F.gure 12). In some embod.ments, the ceHs e ,«te 
60 days or 120 days (-10 doub.ings. 25 doublings, or 50 doub.ings). High repl.cat.ve capaaty ,s .n part 
beCau e hese eel, are differentiated from stem cells that are practically immortal, and have telomeres of a 

40 engt compatible with primary embryonic cells. These cells are often suitable for conditioning med.um wrthou 
further adaptation. If desired, the ce,, can also be genetical.y a.tered to express 
transcriptase, or otherwise immortalized as described earlier. This forestalls senescence and .ncreases he 
replicative capacity beyond that of the unaltered cells, which facilitates commercia. production of the med,um 
and improves reproducibility between batches. 
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example by genetically Bering the cells to express a growth factor .,ke bFGF. 
immortalize the cells, as described in the previous section. 

characterized as supporting pps.**.-^ ^ ^ ^ mo(pho(og(cal 

A convenient way to de.erm.ne whether pPS ce, s « d 9 ^ ^ ^ ^ 

,5 processed as appropriate). t nf thk assav can be obtained to estimate the qualrty or concentration 

if riesired a Quantitative readout of this assay can oe odwii «u „„ ri --, e 

S 1* » pPS culture. Media « - a**. a,er ™^ 1 

condition*. .WUI ™» » MS " e " ** '" e a " aje ' 

25 ""'XtT- — aPil* . P— cd—ed — 0, — »e c* in a »asal 

"""Tdesired. =ond«on=d n«dia and cells *. reducing — -» * — «— «. »— » *- 

35 charactedstlcs of the OPS calls they support, a. descrioad below. 

40 ^rr^^Sr-^ to condition medium in a manner that gives , .e 
capacjo support pPS ce,.s in feeder-free form, as already described. The base 
ond I i^g can have any of several deferent formulae, depending in part on tine types of cel.s used. The 
me di Z st be able to support culture of at least the cel. line used for the condoning of *e — 
Tolnient that the medium a,so support cu.ture of P PS after condoning. However, as an aiternative. the 
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me dium can be supplanted with o.ner factors or otherwise processed after condoning to adapt it for 

cutturing the pPS cells. f the foUow j n g 

glutamme. Gibco # 15039 OZf . non ess 13256-029. Exemplary 

o , * M7W2- human recombinant basic fibroblast growth factor (bFGF), G.bco * l-woo-u 

r ™ * mad e - 80% DMEM ^ ™ - ™^ 

,FBS) non heat inactivated. 0.1 mM nonessential ammo acds, 1 mM L-glutamme a 
, Te captoethanol. The medium is Altered and stored a, 4-C for no ionger than 2 weeKs. 8«n*-ES 
) f^""**" ^ 80 o /o KO DMEM, 20% serum replacement. 0.1 mM non-essential am.no acds. 1 mM L- 

PPSCe Th C e U ce r :;'are cultured in the medium for sufficient flme to a..ow adequate concentration of released 
factors t « support pPS ce.l cuKure. Typical., medium condoned by cu.tuHng for 24 h at »~ ™ 
Teen 1 fairs that support pPS ce„ culture for 24 hours. However, the cu«unng ^ 
,5 Td^sted upwards or downwards, determining empirically (or by assaying for the concent**™ of essentia 
a o ") whL constitutes an adequate period. After Meeting a batch of conditioned medium the ce. s^ b 
used" condition a further batch of medium over a further culture period, for as many cycies as des,n3d as 
Z a the cells retain their ability to condition the medium in an adequate fashion. For example, fibroblast- 
^enved from differentiation of embryonic stem ce.ls can be used to condiUon medium over 1-day 

30 ^z::r^zr^:^ — can be based on r ««- =: 

ot medium collection. In initial studies and for screening purposes, it is often convene 

mP H.„ m in standard culture flasks or multi-well plates. Initial scale-up can be done in larger vessels wax 

:::: : as Nunc - « — . - «- «— — - 

35 ^rr:: :r ™ — by , F ure y ^ Eng . ^ r ^ 

Perfusions involves removal ofmediumfrom the culture 

in the spin basket system, a basket-like device is attached to a drive shaft and covered by a porous screen 

40 vessel, through a hoiiow-flber filter module, and back to the vessel, with a pump attached to the loop to o^de 
the crculation. A particular perfusion system, the ATF System ^JT"^^^ 
Technology. Edison NJ, consists of a diaphragm P umo on one end of a hollow-fiber hou ,ng 
which is connected to a bioreactor. Aitemating tangentia. flow through the fibers generates low shear lam.nar 
flow, which provides high flow rates, scalability, and adaptability to different bioreactors. 
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L.roe-sca.e cuKure systems are also avai.ab.e from Aastrcm Sciences Inc.. Ann After Ml. The 

JZST- S stem provides for expansion from smal, startng cel. popu.at.ons (KoHer et a. Bone 
Aastrom Repucel. Sy P ^ technology „ marketed 

Marrow Transpl. 21 .653, 1 009. *°''er ei a. , fregh 
w season... BOM WA. ^^"r^^TJT ,9.8). 

rwiro can be used wth this invention. U.S. Patenx no. h^., 

Je en^ated ills. U.S. Paten, No. 4.296.205 desC.es ce.l cu.ture and continuous dia,ys.s <U- the,r 
'r U S U S Patent No. 5.994.129 describes a portab.e cassette for use In maintaining b.o.og.«. ce,. U.S. 
PaLt No 5^2 *2 describes a containment system for storing refuting, dispensing, and harvest 
.. ■» ~ m^rii« U S Patent No 6,022,742 describes a culture device and method. 
° CeM Tpa^r el 1. of .Is invention is a device adapted for preparing — d medium^ 
having a chamber containing ce.ls of this invention capab.e of condoning medium and an ou«et P rt 
Ja P«ona..y sea.ab.e for wthdrawng med.m from the culture chamber after * ^ 

Z evTce may also have a mass-transfer microporous surface in the form of a p.ate. a ho.low f ber. or othe 
5 « LZrtUions the cu.tured ce.ls from medium that has been conditioned, which a..ows free pas** 
5 rriiJ and which proves passage to the out.et port. The dev.ee may also ™ 

for introducing fresh medium, introducing additiona. cells, or remov.ng exp.red cel.s and cel. deb*. 
1 uous fow systems, a pump may be attached to the medium inlet or ou«et port jf 
FoHowing coHection of the conditioned medium, it can be used to support P PS ce.l growth d.recfy. . 
,0 approp a L medium is ,tered. frozen, or otherwise processed for the first time using a new techn,ue. ,t 
fs Zwh ,e to test a sma.l batch to determine if the acUvKy is sti,. present in the reconsftuted med.um 

T ertain embodiments, the conditioned medium is supplemented before use w,th addrtona, g^wth 
factors hat benefit P PS ce.. cu.ture. For hES. a growth factor like bFGF is often used, .t has been found ha. 
^ZZl medium to support hES cells in feeder-free cu.ture may bene* by adding bFGF bo* ^ 
25 and after the conditioning of the medium <Examp.e 11). For hEG. cuiture ^^J^^Z 
a growth factor .iKe bFGF. an activator of g P 130, such as UF. .L-6. or Oncostatm-M. and perhaps a factor tha 
elevates cyciic AMP .evels. such as forskolin or cholera toxin. Other types of P PS cel.s may bene* from other 
factors in the medium, such as stem ce.. factor (a.so Known as S.ee. factor, c-kit ligand). 

,n certain embodiments, the conditioned medium is further processed. For example ,t car . be 
30 concentrated by sait precipitation or se.ective titration, or i, can be extracted to separate or store the effec .ve 
comment Medium exits can then be reconstituted or supplemented with fresh cuKure med.um before 

US6t0 r^TZ -ium can be used to support P PS ce, in feeder-free cu,ture. as described 
eariier I, is a.so suitabie for otner purposes, and can be used for such purposes without restnefon For 
35 example, the medium can be added to pPS cu.tured in the presence of feeder ce,. in order to further support 
the p o.iferat.on of the ce, or Umit differentiation. The medium can a,so be used to ma.nta, or p.mo 
pro.iferat.on of other types of cu.tured precursor ce, or terming differentiated ce,. as may be determ.ned 
empirically. 

Human ES cells nave the characteristic morphological features of undifferenfated stem cel. s^ In the 

t.0 dimensions of a standard microscopic image. hES ce, have high nuclear/cytop.asmic ratios mthe P ,ane 
of the image, prominent nucleoli, and compact co.ony formation with pooriy discernab.e ce.l JU nct.ons^ Ce 
,.nes can be karyotyped using a standard G-banding technique (available at many Cinica, d.agnost.cs .abs that 
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™hp, routine karyotyping services, such as the Cytogenetics Lab at Oakland CA) and compared to 

the ce..s are euploid, wherein all human chromosomes are present and are not noticeably altered 

hES and hEG c* can a.so be characterized by expressed cel. makers. In general, the fssue-specrfic 
markers discussed in this disclosure can be detected using a suitable immunological technique - such as 
IcHometry for membrane-bound markers, immunocytochemistry tor intracel.u.ar markers, and enzym. 
ld immunoassay, for markers secreted into the medium. The expression of probers «n a,o be 
detected at the mRNA level by reverse transcriptase-PCR using marker-spec^ pnmers. See U.S. Patent 
5 843 780 for further details. . „ fc 

' ' stage-specific embryonic antigens (SSEA) are characteristic of certain embryomc cel. type. 
Antibodies for SSEA-1 . SSEA-3 and SSEA-4 are available from the Developments Studies Hybridoma Bank of 
the Nationa. Institute of Child Hea.th and Human Development (Bethesda MD). Other useful markers . are 
detectable using ant-bodies designated Tra-1-60 and Tra-1-81 (Andrews et a... Ce« Unes from Human ^rm 
Ce« Tumors, in E.J. Robertson. 1987. supra). Mouse ES cells can be used as a pos.tive control for SSEA-1. 
and as a negative control for SSEA-4, Tra-1-60. and Tra-1-81. SSEA-4 Is ^^^^ 
embryonal carcinoma (hEC) cel., Delation of pPS cells in vitro results ,n the toss of SSEA^. T£1«* 
and Tra-1-81 expression and increased expression of SSEA-1. SSEA-1 is a.so found on hEG celK pPS ceHs 
can a.so be characterized by the presence of alkaline phosphatase activity, which can be detected by fixing *e 
ce..s with 4% paraformaldehyde, and then developing with Vector Red as a substrate, as 
manufacturer (Vector Laboratories, Buriingame CA). Expression of hTERT and OCT-4 (detectable by RT- 

»• - «„..-t.w» hu trap assav) are also characteristic of many types or 
PCR) and telomerase activity (detectable by ika^ assay; 

undifferentiated pPS cells (Example 3). 

Another desirable feature of propagated pPS cells is a potential to differentiate ,nto cells of all three 
germ.na. layers: endoderm. mesoderm, and ectoderm tissues. Pluripotency of hES cells can be confirmed by 
injecting approximately 3.0 x 10* cells into the rear .eg musc.es of 8-12 week o.d ma.e SC.D mice. The 
resulting tumors can be fixed in 4% paraformaldehyde and examined histologically after paraffin embedding at 
8-16 weeks of development. Teratomas develop that demonstrate tissues of a.l three germ layers; for example 
cartilage smooth muscle, or striated muscle (mesoderm); stratified squamous epithelium with hair follicles 
neural tube with ventricular, intermediate, or mantle layers (ectoderm); and ciliated columnar epithelium and 
villi lined by absorptive enterocytes or mucus-secreting goblet cells (endoderm). Pluripotency of pPS cells can 
be further tested for differentiation into particular cell lines, according to procedures described later ,n th.s 

dlSC ' 0S An exemplary preparation of hES cells grown in the absence of feeders is described below in Example 
1 . At 19 days of culture. > 80% of the cells stained positively for SSEA-4. Tra-1-60 and Tra-1-81 , while < 15% 

35 of the cells stained positively for SSEA-1 . 

Certain cell populations described in this disclosure are substantially undifferentiated, and can be 
passaged between multiple cultures to which no new feeder cells are added. It is recognized that dunng 
certain passages, some cells may differentiate (particularly when replated as single cells at tow densrty, or 
when large clusters are allowed to form). However, cultures typically reestablish a larger proportion of 

40 undifferentiated cells during the culture period. Of particular interest are cells that can be propagated in the 
feeder-free system for at least -3 months. Optimally, the propagated cells will have a doubling time of no 
more than about 20-40 hours. 
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fuIly differentiated cells without forming embryoid bodies - "^^"^ Rec . (New M 257:323 . 

General principles in culturing embryoid bod.es are reported in O Shea, m i«c i 
1.0.1 P PS I cultured in a manner that permits abates to form, for which many opfons are 

1999). pPS ceiis are cuuu cu l tU nng pPS cells in culture vessels 

as Matrige.® (Becton Dickenson,, laminin. collagen, gelatin, or matrix produced by first cultunng . nm*« 

population potentially having an endoderm exterior, and a mesoderm and ectoderm .ntenor. 
0 t has now been discovered that P PS cel.s can be differenced into committed precursor cells or 

~ without forming embryoid bodies or aggregates as an innate ^ B-Jr. 
Suspension of undifferentiated P PS ce..s is prepared, and tt,en plated onto a so.,d surface M promotes 
iZntLon ,„ genera,, cu.tures of pPS cel.s are typicaHy harvested when they have prolrferated to a 
Z e density, but not to trie point of over-confluence, because trie cells will dflerentiate ,n an uncord 
* ZL if snowed to overgrow. A suitab,e suspension can be prepared by incubating ^ 
Co.lagenase IV for about 5-20 min. and then scraping the ceHs from the dish. The ce..s can be d,ssoc ated for 
by -rating in a pipette. For many types of d*feren**on. it is recommended that the cells not be 
completely dissociated, so that the majority of pPS is in clumps of about 10 to 200 cells. 

The suspension is then p.ated onto a substrate that promotes regulated differentiarion ,nto comm ned 
}0 precursor cells. Suitab.e substrates indude glass or p.astic surfaces that are adherent For 
coverslips can be coated with a poly-cationic substance, such as a polyamine like po,y-.ys,e 
Ither homogeneous or mixed po.ypeptides or other polymers with a predominant pos.ve *^J^ 
are then cultured in a suitable nutrient medium that is adapted to promote different.at.on towards the des.red 

35 "TLe instances, different is promoted by withdrawing serum or serum replacement from the 

culture medium. This can be achieved by substituting a medium devoid of serum and serum -P^menUor 
example, a, the U me of rep.ating. by withdrawing one or more components of the medium ft* promotes 
of undifferentiated celis or inhibits differentiation. Examples indude certa. growth m^ 
.eukocyte inhibitory factor (LIF), basic fibroblast growth factor (bFGF). and other components .n cond.t-oned 

40 T„ some instances, differentiation is promoted by adding a medium component that promotes 
differentiation towards the desired ce,l lineage, or inhibits the growth of cells w«h undesired charactenst.^ 
For exampie, to generate cells committed to neural or glial lineages, the medium can .nclude any of the 
following factors or medium constituents in an effective combination: Brain derived neurotropic factor 
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nwn ^ohin-StrOT-a) NT-4 epidermal growth factor (EGF), ciliary neurotrophic factor (CNTF). nerve 
(BDNF). neutrotrophin 6 (imi j )( in e P « forskolin, fetal bovine serum 

growth factor (N6F). retinoic acid [RP), some hedgehog. FGF-B, ascom.c 

(FBS), and bone morphogenic proteins (BMPs). Pedersen 
(Reprea. F.rlil. Dev. 6*43. 1934). and U.i. 6.080.622. For nam p » „ a ., ap. 

o^.-ho 1QQQ- and U.S. Patent Nos. 5,851.8^, o,mo,w*'* ^,rw, 

214.113. iyas. anu u iQ7 .o 17 ^903 and Wobus et al. t Differentiation 48.173, 

„«»», faa.ra Mid. b- «. no. UM » ' 6F ° F ; ™° F . L ' ^1)3 may men be opton* 

„* as rear- add rr* y afco "•^JfZ£T„J u . MMm ^. 

activator of^MP. Markers of interest inCude but are not .imited to P -tubu.in m or rnicrotu u^assoc^ 
1 2 (MAP-2), characterise of neurons; g.ia. Unitary acidic protein (GFAP). present „ astro^, 
ZZL brosid (Ga.C) or mye.in basic protein (MBP); characterise of <*°»«^J*£ 
cb « of undated hES ce.,s; Nestin or Musashi, characteristic of "-ra Precu.ons and o*er 
Z -and both A2B5 and NCAM, which appear on popuiations of neura. precursors drfferenfated from P PS 

Ce " S ' Sclent at Geron Corporation have a.so discovered that coring pPS ce.is or embryoid body ceUsin 
tne presence of a hepatocyte differentiation agent promotes enrichment for hepatocyte-i.ke ce..s. The g^h 

::;nm^ 

differentiation agents inciude various isomers of butyrate and their anaiogs. exempted by n-bu^te The 
cu.tured ce.,s « options cuitured simu.taneous, y or sepuentiai.y with a 

as an organic so.vent .ike dimethy. sulfoxide (DMSO), a maturation cofactor such as refno.c ^ " 
or hormone such as a g.ucocorticoid. epiderma. growth factor (EGF), insu.in. transform^ grow* factors 
fTGF-a and TGF-P), flbrob.ast growth factors (FGF). heparin. hepatoc*e growth ~ 
,L-1 and IL-6) insu.in-.ike growth factors (IGF-. and IGF-.I), and heparin-bindmg growth factors (HBGF 1). 
He . neage ce..s dLenUated from pPS ce..s «n ty P .ca..y disp.ay at .east three of the fo..ov,n g 
mir .-antitrypsin (AAT) synthesis, a.bumin synthesis, asialog.ycoprotein receptor (ASGR) express,on 
absence of ^fetoprotein, evidence of glycogen storage, evidence of cytochrome P 450 activity, and evdence of 
giucose-6-phosphatase activity. 
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^ • a <r~m npq cells can be recognized by characteristic 

cardiomyocytes: GATA-4. Nkxx-.o, caru h» globulin, and 

pdx and insulin secretin. For hematopoietic cells and the.r progen,tors. GATA 

B-major globulin like gene PH1. oroviding pPS cells in feeder- 

DKferentiating P PS cells by direct, plating on *™»^sSZ -mogeLus popuiation of 
free culture and changing the medium »e conditions used, ce.l popu.a«ons 

-age-restricted ce.lso^^ 

that are well over 50% homogeneous (as much as 75 a. au *. 

without having to employ a sorting technique difterentjated cel , populations be substantially free of 

undifferentiated ceils. Suitable promoters inciude the TERT promote and the £ 

gene may be directly .ytic to the ce.l (encoding, for examp.e. a <* ' ^ > P „ . 

L effector gene may renderthece^^^ ^ ^ , ^ 

prodrug. Exemplary is a herpes simplex thymine * are proV ided in 

expressed to be susceptive to ganciclov.r. Su,table TERT promoter 

WO 98/14593 (Morin et at.)- 
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rONA libraries fro© cultures can be used to prepare 

«rentiated pPS cells grown with feeder cells or from fee M ee cu I ures ca 

or down-regulated during differentiation. 

lsola ting mRNA and making amplified copies differentiated 
Preparing a cDNA library will typically .nvolve -so.at.ng mRNA fro. , pP p(jlynucleotide 
progeny: making a polynucleotide copy of the mRNA. and produc.ng a l.b ary to J > 

'copies in a form that can be replenished. Typical,, the ^^^^L sequence of the 
transcriptase reaction from the mRNA template, but any ^ ^^^^V«-^- 
original mRNA populate can be used. Optionally, polynucleotide c^es fr m ffen* ^ 

PPS and d_ "-J^ZZX^^^ - a cfcning 

: . ~. . - - - - — — - — - * 

" "Tyty of illustrate. hES cel.s in feede,free culture are released ^^TZZ^Z 
andcolleUycentri^ 

■h. cans by an appropriate combination of standard techn.ques (e^ c-d p .no / n 
centrifugation through CsC. binding to an oligo-dT ^ Is in a so.ution of 

Example 14. total RNA can be isolated from harvested hES cells * 5.234.809). 
guanidinium isothiocyanate and binding RNA in the suspension to a sutab.e matnx (U.S. 
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w i ™\ Tnial RNA is eluted from the matrix, and then 

pedes common ,o two or more different mRNA population are re du~ U to cD ^ flf 
for mRNA prefer expressed in one population: norrr^d - ^ ^ ^ 

dependent mRNAs is b a,anced towards ec.ua, represe^,^ ^^^lla^e the en.re coding sepuence 
production of cDNA is optimized to produce a h,gh frequency of cDNA that 

of the original mRNA. mRNA into a single-stranded cDNA 

The first reaction in these methods is typical* the = - " hexamer pri mer, 

using a template-dependent reverse-transcnption reacfo obtainab|e ^ amimM 

This reaction is catalyzed by a reverse-transcnptase, a class o. » 

modified version of reverse 

suppl.ers. Exemplary is Superscript I,™ (Ufe Technologies ^""^^Z jncreasing the 

transcriptase in which RNAse H activity of the ^^X^Z^e^^o^e 

frepuen cy with which full-length first strand cDNA is produced^ O^^T pnm « a * J 

5 . end to incorporate a restriction endonuclease ^^^^^ he L cDNA is protected 

version of one nucleotide triphosphate is included in the first strand reason. Thus the 

Z d^tion^th restrict endonucieasestypicaayus^ 

Conversion of the single strand cDNA product o, ^ ^^TJ^^e^ 
cDNA can be accomplished by severs, means. Typical.y. the first ^^J^^ (ClonTech , Pal0 
of complementary strand synthesis by a suitable ^^^^^ Jtlna, cytosine 
Alto, CA) utilizes a strand switch o.igonudeotide that pnmes second sti*n syn 

residues at the terminus of the firs, strand product. Other ^^^^^ fol(owe d by 
product incude .ntroduction of a homopolymehc tail ^ 

second strand priming with the commentary ^^ ^Z^ 9 o. With this ,atter approach. 
, 0 „owed by second strand P nm,ng with a primer ^^^ZL restrict endonuCease 
the ligated oligonucleotide and its complement can be deseed to 

recognition sequences that facilitate cloning. . t A „ nirk * in to the RNA/DNA duplex, which 

,„ one illustration, the action of RNAse H ,s used to — n,Ks tothe R ^ 
then beC ome suitable as priming sites for DMA polymerase, , surf » « ^ pnming RNA ovedying 
efficient, but sequence information may be lost from the 5 end - ^^^ 1 subsequent 
the 5- end (the terminus opposite of the P o,yA + site ,n the ^-^^^ the 5 . sequence 
process.ng of the doub.e-stranded cDNA. Alternatively, double-stranded ^ ^ cDNA . This 
information is preserved involves .igation of an oligonucleotide pnmer to £ ,Z £ ^ ^ 

ligat ion reaction is catalyzed by T4 RNA ligase. an enzyme US ed is 

si ng ( e strand oligonucleotide wHh the 3,hydroxy, o, the <^^£^J. 3 --b,oc k ing group, 
synthesized so as to provide a ^-terminal phosphate, to allow ^^ZT ™s oligonucleotide a.so 
such as an amino- or ..deoxy-derivatives. to prevent 

encodes restriction endonuCease recognition cDNA 
into vectors. Following ligation of the o.igonuc.eotide to the first strand cDNA pro 
synthesis is primed with an oligonucleotide complementary to the .,ga* * oh us 
polymerase activity, such as thermostable polymerases. Sequence example, firs, strand cDN 
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_ ^„ enh!af p NH-X = amine blocking group; 

5'P-aggtcgacgagagag-3'nh-x (seq. ^J^ m ^^^.^^ 

Certain procedures can be used to Japan (Caminci e t a... Methods Enzymo.. 

- - - * ta t^TJS Patent App^on WO 98/20122). 

303:19. 1999: Itoh et al.. Genome Res.9.463. 1999 see a s ^ Qf 

mRNA is adapted by adding a biofln to the 7-methy. G ca p *** e at*. ^ ^ ( 

the flrst strand cDNA is achieved as ^^^J^X^ - • <° NA iS 

^ch degrades single stranded mRNA ^a um« using strepta . din . coate d 

h ydro.yzed. whi.e fulMength cDNA/mRNA hybnds ^J^J^, ^ using standar d technics. 

pPS cei.s (for examp.e, by forming a cDNA popu.at.on as a.r ^J^Z J ^ po.ynuc.eo.ides amp.ified 

exa m P ,e. P PS c*. from feeder cuitures vs. pPS ceiis in feeder-f^ * ^ ,„ an(Jther 

.erminany differenced ce..s; or dieted ce,i ^^rX ^ " * «* — —* 

exa mp.e. cDNA from pPS ce,.s differentiated , mono iayer acid) is subtracted from 

M Promotes differentiation, or by treating w«h agents sue " J^^^J^ ^ that form 
cDNA trom P PS ceiis grown in feeder-free c,ture. to correc ^J^^ f g ^ ^ effect of . 
on the periphery around each coiony. Subtract Cranes can * ° be ^ or meir 
— or change « — ^ compound or condign, and 

upregu.ated or downregulated as a resuit of the change independe nt mRNA pools are 

The preparation of subtraction iibraries can be -frustrated a P int0 an 

pr e P ared. one termed the tester and the other the driver. ■„ lr in antisense 

P apprap riate form, often sing.e stranded cDNA (one of ^^J^^, m RNA portions 
orientation), and then mixed to aiiow hybridizat,on. Transits thai , . — 

will form hybnds. whiie those transcripts that are ^^^^^ by partttton ing over 
higher levels ■ ^ — JlSr^: sucht s.epta— The 
— S=UT « enLed for genes that ^"2^ ^ ^ 

commercially avai.abte (Suppressive Subtracts Hybnd.zat.on (SSH), ConTech. 
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Preparing recombinant expression Hbnuies g yg Qf vectors . 

D0U b.e-stranded cDNA made * these techn-que sc*n be J jn tecterjal hosts . 

Suita b,e vector systems inciude baCera, * o«en accompUs.ed by Hoa.cn 

When the cDNA is produced with are favored for sequence analysis, since the 

^ correspond restated vector UN ; *^^^^pcR-^pn-«*. 
individual Cones can be readily processed by ' n vector , designe d so 

,„ certain embodiments of the invents, the ^^.v. ^ arnpli f ied 

that isolated plaques can be transferee I in* , ce * * ^^\ wlll(lon control elements. Por 
transcripts are placed in the vector under control of transc ^ sp6 gnd ^ viral RNA 

instance, the p.asmidpC^^^ 

polymerase promoters on opposes of Je m P ^ ^ ^ ^ 

antisense strands of cloned cD,^ As we, ^ ^ ^ ^ for m 

introdU ced into mammalian hos ceUs. ^j" This Sector a,so features .ambda phage attachment sequences 
a variety of host cells, -ncludmg pPS cells. Th Techno logies Gateway- vectors. The 

flank ing the mu.tiple cloning site. ^^SE^**^™*"""""* 
Gateway™ system includes vectors that are *P e « and £ co/ , re combinase 

VeCt ° rS Of particu.ar interest are libraries optim-zed for express^ ^^^^f 
Me thy,ation patterns and other regulatory control **£^^ZZJL cel. types. It has 
genes under control of promoters such as CMV. wh-ch are aC.ve r, mo ^ 
Ln discovered that promoters for housekeeping ^^^^ 4 . an appropri ate promoter 
inscription of artificially introduced encod-ng reg-ons. As «ed -n P _ ^ 

can be selected experimental, using reporter constructs \ n appropriate promoter 

such as green Huorescent protein or ^actos^ e and a . «^ ^ ^ 

will have the characteristic of causing express-on of the reporte g ^ ubic 
portion of ceils lost to different Using this selection 

Le been determined as effective for constructs of libraries express-b.e ,n pPS cells. 

Characterizing recombinant express^ Varies a simole and direct estimation of the length of 

cDNA libraries can be characterized by several enter,, A and ^ 
cDNAs can be made by digesting plasmid p« - ^ using agarose gels, and a 
release the cDNA insert. The digest-on products can be s,zed by e e P can be 

achieved by comparing sequences generated from the 5 end o «** ^ ^ 

m pub ,ic databases. Polynucleotide isolates and Coned -nserts of th.s nv t o ^ 
stable method -n the a. Exemplary are PCR-based sequencing ^metho * orm ^ ^ 

be resolved using automated DNA sequencers. The p.asm.d DNA da seq e ^ ^ 

40 PGR react-on condifcons that inc.ude f.uorescentiy-labeled d-deoxynuc «*d P (Perkin . Elm er 
reaction products are resoived on an appropriate DNA •^J^T^-^*^ 
Biosystems, Foster City CA). The fluorescence signal is ^ 

and processed. DNA sequencing services based su^ant,,, on *es met ^ ^ ^ ^ 

from such companies as Lark Technolog.es. Houston, TX. and Incyte 
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sequence according to the genetic code. based on 

The sequence data provides a genera, esfmate of the d.versrty ^ 
5 number of independent genes represented. For instance. °«~2?J^^ 

ccecton (Nationa. Center for BtotechnOogy ^^T^^Z^^^^ 
allows assignment of a unique Custer identrter for most sequences^ By comp 9 ^ 
-eriden^erstothe™ 

Uhraries that .present iess comp* ^ Iibraries made from more complex mRNA 
0 sequences represented .n a g,ven number of cDNAs compa preparations, and libraries in 

fr ee" of cDNA of other species, vertebrates, mammals, and d.fferen geno*p ^ 
ma n about 1% of the transcript copies in the library have syltems described in 

from the genotype from which the cDNA .ibrary ,s des,red. Us.ng J bfl , ess lhgn 0 . 2% , 

0.05%. 0.01%. or 0.001%. depending on the number of passages trom me 

feeder layer. collections Qf annotated full . len g th mRNA 

The 5* sequences from cDNAs can aiso oe ^ rttov t full- 

^ qi act Pnr those cDNA sequences that match to a Ktrocw onuy. 
. . . „ thp rffseQ entry and thus the proportion of full-length cDNAs can be esumaieo. 

iess than 1 Kb in length, versus the percentage of fun-length cDNAs that correspond to mRNAs greater 

35 "ndi.ontheme^^^^^^^ 

the entire encoding region of the corresponding mRNA can be at .east 15 /. 30 and 
po.ynuc.eotide or vectors in the preparation. The median .ength of the -nsert « 

4 kb depending on the method used to obtain and select the double-stranded cDNA P reparat,on. 



kb, or * 



^JZ \ - « — * « po,y»c,e«,s «, con* -* -I—, 

they encode, and antibody specific for the polypeptides. 
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« «. m a nufactured according to techniques of nucleic acid chemistry for any suitable 
Polynucleotides are manufactured accoro.ng h cpnimnces can be modified to remove 

purpose in research. diagnos«C or therapeufcc app.ica«ons. stations and other 

Lgments - the na«ve .ding^. '"^^Z^ or polynucieotide fragments 
changes for any ^ ItT- e^ession ".rary from P PS ce.is or their d—ted 

hybridize under stnngent condrttons to cDNA P ^ ^ in other 

progeny, in preference to other nudeotide sequences conta.ned ,n hum g ^ ^ 

ce...ype,Typic^^^ 

. hybridized reaction at 65'C in 2 - SSC. fol.owe hy re^ ^s*0, ^ ^ ^ 

a segment of the manufactured poiynucieotide . at .east -80 /., 90 /.. 95 /.. o ^ 

suitable »*n to e. 0,.«, U =^ - - -» «■ '^JZTJ^JZ^ m-». or 

coupling units (Hirose et al., Tetra. Lett. 19.2**»-w. 5,541.307; 
- modified backbones can be prepared, such as tho^ ^^^^ 5 . 786 ,61. 
5.378.825. Preparation of peptide nucleic acds « descnbed .n U.S. Patents 

and EP Application 97918549.2. amplification using a template with the 

Mematively. polynucleotides can be manufactured by PGR jmpltfca 9 ^ 

desir ed sequence. Oligonucleotide primers spanning the <-ed s^ 

::==■ ===== 
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City CA). ^ ^ . hx/ trans iation in an in vitro translation system, or 

Longer po.ypeptKes are «^^ i Um ^^^ m P o.ynuc.eotide encoding the desired 
by expression in a suitable host ce, To ^J^ZZZo* and l slaton , and then transfected into 
^peptide is operative* HnRed to ^° ^J^Z^o microorganisms such as the yeast 
a su ,tab.e host ce... inc.ud.ng **^"*Z* m jnsect or mammaHan ce.is. A number of expression 
Saccna^ycescerews/ae. or higher •^^'^ are descnbed in U.S. Patent 5.552.524. 
systems su.tat.-e for producing the pepfdes of th s ^ Technologie s. Houston TX. FoHowing 

CX^^*'^^^ , '^ t ZZrZ£* * protein chemistry in appropriate 
producU on. the protein is typica.iy 

combination, which may indude ton exchange «"»"«*^ ™ * „ y mRNA ano cDNA of this 

Polycto n, and monociona. anybody spec,*: * P*^^ protein encoding region in an 
inv en*>n can be obtained by deterring ( ^^^ 0Mmpetent or pa^e .tb a protein 
session library, and ^"^^1^ antibody is described in such standard 
containing the determ.ned sequence. Prooucu 4 ,444.887. and Methods m 

Terences as Harrow a Lane (1988). U.S. '^^^^ mo.ecu.es (optimal* in tbe form of 
Enzymoiogy 73B:3 (1981). Other methods of obtan.ng * ^ of ^ pMm with the 

singte-chain variab.e regions) invo.ve contacting a brary *™£ZF»» Eng. J. Med. 335:730. 1996. 
target an ti ge, and growing out ^^oZ^7 and McGuiness et a,. Nature 

International Patent Publications WO 94/13804. ^^^^ '^^j j re and negatively selecting using 

of this -nvention have a number of important commeraa. pphcat.ns. Fo exa p £ ^ ^ 

expressed in P PS ce,.s but decrease duhng d«feren a «m- ^ J^J ^ be used t0 

undifferentiated state. Reagents correspond^ to these s ffinity isolation or 

eli m.nate undifferentiated pPS ce..s from a popu.at.on of *«™^^ *^ ng dHferentiatton can 
„t-mediated lysi, « - types Lved from P PS cel, 

used in a simi.ar manner to punfy. an»* remo dmerentjati0 n. such as genes or proteins 

These makers may sen/e as ,nd,cators of broad c asses o afkers of a ^ned 

expressed in mesodermal endoderma. or ectodermal hneages. or may serve 
5 spectrum of highly differentiated cell types. differentiation of pPS 

Oenes that are upregu.ate. d unn 9 ^ Legated P PS ce..s of transgenes 

ce..s into specific lineages. For instance, the forced ^ ss,on for an ability t0 

encoding transcription factors, growth factors, receptors and s.gnahng mo.ecu.es 

influence differentiation into specific cell lineages. 

0 

poetic alteration of plnripotont stem cells genetically altered, either 

This disciosure also provides a system for obtammg P PS tha (g 
inatransientorstab.efa^^^^ 

the potential to obtain reservoirs of different t,ssue types, for research, d.ag 
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ort. W prancing > c~opo.cc™ o! pPS ce«s on cay altelM ^ „ tn. compose™ 

potynudeotcde ,„» pPS ~ J * — ™ ^11*. . 

produced by differentiating the pPS cell immorta iize them by providing an expression system 

for the catalytic component of telomerase ' > therapeutic genes, or 

as drug screening. ^^^^'^^^^^^^ can also be used to prepare 
t0 render cells histocompatib.e w,h the ^^J%Z£L * *« — 
cells for sorting after dtfferentiation. For examp.e. the hES cell. tra Ml under MnN of 

suchasherpessimp.exvi.s^ ^ ^ promoter 

oration to be either transient, or stable and inheritable as the ce The gene ^ 

be maintained in undifferentiated pluhpoten, form ,n ^^ZZ^ that a„ow hES ce..s to be 
cells stii. retaining the genetic alteration. EffecUve m *hods have e n ^ ^ ^ 

geneticaHy altered when grown on primary feeder cells. ^^ '^^ kl ^ w&m ^ 
>ated in a feeder-free en^^^^ ^ change the 

The poiynucieotide to be transferred in the cel. typ.3 ^ p^de a n 
phenotype of the cel. or its progeny in a desirable fash,o, ^Z^SslTor In differentiated ce„s of 
under control of a promoter that promotes transcnpfon ,n ^slb.e mechanism, such as 

a particular iineage. .» may aiso affect endogenous gene expression by a suable 
antisense reactivity, triplex formation, or ribozyme acfon. cornplexes . such as 

Suitab.e methods »*^"~fZ?~ B ZZ 5.976.567; 6.020.202; and 

th ose described in U.S. Patent No, ^ ^ ^^ some forrnulatl0 n of the poly-cat^c .ipid 
5 6,051.429. Suitable reagents include lipofectam.ne. a 3.1 (w/w, p tn , luoroa cetate (DOSPA) 

L^^c-o.con^H-Pcop— » s mTcoZln ,U«c-» 



.nvitrogen Corp., # 204110). 
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Suitab.e viral vector systems for producng ^^ a ^^ mM 

«^*<^^*^^%?ZZU- — to two Cerent agenda: 
For many applications, geneUc a.terafon of hES cells req ^ ^ 

achieving sofT.clen.y high agency of genetic ^^J^™^ vari0 us transection and 
not promote differentiation of me hES ce., a.ong an "^^^ J conve nient,y performed in 
Eduction systems, and epilation of react™ ^^SIZ***- Pa^arly convenient 
experiments using an expression vector with an encod,ng ^ The ,abel ™» **° 

labe .s are intrinsica.iy fluorescent, such as .unerase, or ^ inc ,ude 

be an enzyme ,at can be detected in histoc^V ™ protejn that „ be stained 

alKaiine phosphatase, and p-ga.actos.das, ^%£L activated cel. counting device. Once an 

characteristic of pPS cells, such as SSE^. OCT* ncy of genetically 

calculated as a percentage of cells beanng the ^ ^ ^ in vitro (e.g.. via embryoid body 
a,tered celis can a,so be confirmed by inducing "^^^^Jj^^^,^ 
formation) or in vivo (by teratoma formation), and companng the types P 

by hES cells not genetically altered. „„ ntnin ino niasmid vector and surface 

^ a ™orra,terat ( on are rarely 100 % . and it ,s — ^ 

cans that have been successfully altered. When hES cu.tures on be enriched by 

efficiency may be 5 to 20% of the undtfferentiated cells. the pPS cells are 

— advanta9e z Ta~:i: b,e zzz. - as NCAM . - 

~ r iT"^:: —activated cel, sorting, and repiated. The reader is 
cautioned that complete separation of pPS ce.ls usua.ly promotes „ 
A particu.ar,y effective way of enrich.ng genetically altered ^^Z^^^ contacting 
a dru g such as neomycin or puromyc. To accompiish this. , e ^ZTslT^^ L provide s 
simultaneously with vector systems for the marKer gene or gene of .nte es,^ n a V 
the dru g resistance gene. ,f the proportion o, drug resistance ^^^^ ^ can be 
dr0 g resistant cells should a.so contain the gene of Altematrve^. t^e d g ^ 

bu „t into the same vector as the gene of interest. After ^^llZ^' ^ ce|ls in ^ hES 
with the corresponding drug, and untransfected cells are ehm.nated. Unfortunately. 

culture would normally also be susceptible to the drug. ^ ^ 

To overcome this probiem. this disclosure also ^^ZT^l^ Ration can be 
are Known to provide the environment suitable for propa aUng P P 8 « * w ^ 
introduced with a drug resistance gene, and then ^^^^^ nal ^ m ^^ 
Mernative,. feeder ce„s (such as « mouse ^tlZT^JL^m-. e.g.. from 
have been rendered transgenic for a drug res.stance gene. Such mice 
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JacKson L—*-. The feadsr cs&s can also be i™— d * nana** — » - - «— " 
Eand. 8 Hustle* a pam.an.ni MOW cell line oWsnaled NHG190 mat nas «w 

resistant gene. e to c a|teration ^ en ^ey are 

possible^) pick colonies «. -emone.au, «. alton* pnenoWe. "I— «• ™»£ 

possible to pick reptated in a suitable environment. Using some 

20 altered. 

Trfon^pWI-*^ te or other cell types. 

Where it is desirable to increase the rep.icat.ve capacty of pPS cells, fibroblasts, or y 
they caTbe te.omerized by geneticaHy a.tering them with a suitab.e vector (as ...ustrated above) ^o mat * 
25 express the teiomerase cata.ytic component (TERT). Particu.ariy suable is the ca«a.yt.c component of human 
telomerase (hTERT), provided in .ntemaUona, Patent Publication WO 98/14592. For some ap P .,cat,ons. other 
tprt leauences can be used (mouse TERT is provided in WO 99/271 13). 

T^a t- vector W „ comp.se a TERT encoding region under control of a 
« wii, promote transection in the intended und—ted or differentiated cel. 
30 drive expression of the TERT coding region include vira. UTRs. enhancers, and promote, ™| 
SV40 MoLV CMV. MSCV. HSV TK). eukaryotic promoters (such as B-actin. ub,c,u.t,n. EF1o. and PGK) or 
^nations thereof (tor exampie, the CMV enhancer combined W th the p-actin P-™-^^ 
marker gene can be driven by the same promoter as the TERT gene, e-ther as a separate express.™ 
Tsiel as part of a po.ydstronic transc.pt (in which the coding regions of TERT and the marker gene are 
35 Z *e'd M Z IRES sequence, a.iowing both individua. proteins to be made from a 

ZZZZan**. or « of the same cassette (a fusion between the coding regions of both TERT 
h y e Zt P gene. producing a protein that provides the functions of bo. TERT 
Transtech and expression o, telomerase in human ceils is described » Bodnar et a... Scence 279.349. 

and Jiang et al.. Nat. Genet. 21 :1 1 1 . 1999- expression can be determined using 

40 Before and after telomerizatton. telomerase activity and hTERT express on can 

standard reagents and methods. For example. pPS ce.is are eva.uated for telomerase us,ng TRAP assay 
"Lnce «D11. Weinrich et a,. Nature Genetics 17:49B. ^^^7 
are avaitab.e commercial* for research purposes: TRAPeze® XK Telomerase Detection Krt (Cat .7707. 
ZZ ^ Co Z» NV); and TeloT.GGG Telomerase PCR EL.SAp.us (Cat. 2.013.89: Roche D.agnost.cs. 
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i .^«h ot tho mRNA bv RT-PCR. The following assay kit 
iKh hTFRT esmression can also be evaluated at the mKNA Dy rt i i-w 
indianapohs IN). hTERT expression can a inhtrvcler Tel0 TAGGG hTERT quantification kit (Cat. 

is available commercially for research purposes: L.ghtCycler TelofAGGo 

used for therapeutic purposes. 

,k, «JL M r»*0 ol (esoo calls, and «. airfcrentlausd mm committed precursor Wis or 

^tla^teeof corona*"! .^irom^o* »*c ^ 

adult-derived stem cells, the desired specificity can be obta.ned. 

and Jnk.) o ol*.™ as culture coadltor* or manipulator,) that .ffecl tn. enaraclens.es of pre 

ir:r ™ JL - - — * - - — — — * V^SZT- 

person of «. teeder cells by 0. «< ""pound. » on. «**»<• «""- ^ ' 
Led Tne condieoned medium k .rem I. culture and . simp,.- medium (such . KO MEM) . 

^Ld. Oirfe-n, «.»s are tnen — - =*— «— ao-uok ,a«ors ^o«k»-». 

::::rro=^ 

and then determining whether the treated cell develops fundona. or phenotyp-c charactenst.es 

meT ~:T^^ * used tor the testing - pharmaceutical compounds in drug 
res Jh ts^lent of the actMty of candidate Pharmacol compounds genera.ly 
, HLenUa.ed ceHs of this invention the candidate compound, determining any result chan^ and 
th n luting the effect of the compound with the observed change. The screen.ng may be do e for 
elm I either because the compound is designed to have a pharmaco^gica, - ^ 

because a compound designed to have effects elsewhere may have un.ntended s.de effects. Two o more 
dn^s can Z tested in combination (by combining with the ce.,s eKher simu—y or sepuenfaHy). to 
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detect nam** drug-drug interaction effects, in some applications, compounds are screened initially for 
ZZZZ Castei. et a... pp 375-410 in ,n vitro Methods in Pharmaceutic*. Research; Academ,c Press 
STcSi can be determined by the effect on ce.i viabHity, survive., morphoiogy, on me express-on or 
ZLTZZ markers, receptors or enzymes, on DNA synthesis or repair. 

^corporation, or on sister chromatid exchange, determined by metaphase spread. The reader s re erred 
^UTT*. standard textbook "in vitro Methods in Pharmaceutical Research". Academ,c Press. 1997. and 
U.S. Patent 5,030,015. 
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15 



25 



Ce..s described in this disciosure can be used to identify expression patterns of transcripts and nevrfy 
S yn the^ proteins that are characterise for precursor cetis. and may assist in directing the £«n» 
pathway or facilitating interaction between ce.i, Expression patterns of the ce.i popufaton of "«- «"*• 
human PS ce..s diff rentiated directiy or through embryoid bodies, or ce,.s of a partner i.neage) are 
compared with contro, ce,, iines (e.g.. undHferentiated pPS ceiis. other types of committed precursor ce,.s. 
terminaiiy differentiated ce.is. or differentiated ceiis of another species such as rhesus monkey PS ceiis) . 

Suitabie methods for comparing expression at the protein .eve. indude the 
immunocytochemistry technics described above. Suable methods for comparing express*. , at he eve o 
transcription include methods of differentia, display of mRNA (Liang et a... Cancer Res 52 6966 199^. and 
matrbc array expression systems (Schena et a... Science 270:467. 1995; Eisen et a... Methods Enzymoi. 
20 303 179 1999; Brown et al.. Nat. Genet. 21 Suppl 1:33, 1999). 

The use of microarray in analyzing gene express*, is reviewed generally by Fritz e, a. Scence 
288 316 2000: -Microarray Biochip Technoiog/. M. Schena ed.. Eaton Pub.ishing Company: Murray 
naiysis". Gwynne * Page. Science (Aug. 6. 1999 suppiement); Poi.acK et a... Nat Genet 23:4 . 19 9: Gerhold 
et J Trend! Biochem. Sci. 24:168. 1999: "Gene Chips (DNA Microarrays)". L. Shi at the .ntemet URL 
wv^Gene-Chips.com. Systems and reagents for performing microarray anaiysis are available commerc,a y 
from companies such as Affymetrix. inc. Santa Cara CA; Gene Logic .nc. Co.umb.a MD; HySeq Inc 
S U nnyva.e CA; Mo.ecular Dynamics inc.. Sunnyva.e CA: Nanogen. San Diego CA; and Synten. .nc. Fremont 
CA (acquired by Incyte Genomics, Palo Alto CA). 

Solid-phase arrays are manufactured by attaching the probe at specific sites either by synthes.zmg the 
probe at the desired position, or by presynthesizing the probe fragment and then attaching it to the so d 
support. A variety of so.id supports can be used. inCuding g.asses. p.astics. ceramics, metals, gels, 
membranes, paper, and beads of various composition. U.S. Patent No. 5.445.934 disCoses a method of on- 
chip synthesis, in which a glass s.ide is derivatized with a chemicai species containing a photo-cleavable 
protecting group. Each site is sequentially deprotected by irradiation through a mask, and then reacted wrth . 
DNA monomer containing a photoprotective group. Methods for attaching a presynthesized probe onto a sohd 
support indude adsorption, ultra violet .inking, and cova.ent attachment, .n one example, the solid support .s 
modified to carry an active group, such as hydroxy!, carboxyl. amine, a.dehyde. hydrazine. epox,de^ 
bromoacetyl. ma.eimide. orthio. groups through which the probe is attached (U.S. Patent Nos. 5.474.895 and 
5 514 785) 

' The probing assay is typicaHy conducted by contacting the array by a fluid potentially containing the 
nucieotide sequences of interest under suitable conditions for hybridization conditions, and then determ.mng 
any hybrid formed. For example. mRNA or DNA in the sample is amplified in the presence of nucleotides 
attached to a suitable .abel. such as the fluorescent labe.s Cy3 or Cy5. Conditions are adjusted so that 
hybridization occurs with precise complementary matches or with various degrees of homology, as 
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appropria , '^^^^^^ 

amplHied ^nucleotide from each ^^^Z ^ro^s array generator, and an Axon 
An exempt method is conducted using a Genetic y ^ 
Ge „ePix~ Scanner. Microarrays are prepare by * i am * ^ ^ ^ ^ g 

s e q uencestot,eana,yzedina96or38Awel lf ormat - J*^^ ^ ^ celte of inlere s, one 

aenstty as high as >5.000 per s,ide ^^ZL ^^ Lnverted .to Cy^abe.ed cDNA. The two 
preparation is converted into Cy3,abe.ed cDNA. while the^other ^ ^ ^ 

cDNA prepays are hybridized simultaneous yo in proporti0 n to abundance 

specific binding. Any given spot on the array w,„ ™ ^ at wavelengths appropriate 

ot the transcript in the two origina, mRNA preparafon • The ^ , ^ ^ gjve an 

for each ot the labels, the resulting fluorescence is quantified. 

^^^^^^^^^^^^^^ differentiated cells of this 
.oentifying expression products for use ,n cha« - j> ^ ^ ^ ^ ^ 

invenU on invoives analog the egression L g a particu ,ar pa»way; then 

such as a pluripotent precursor cell, or a cell cap ^ expresslon 

ana.y*ng the expression .eve, of the same producun jn ^ sample . or in prison 

,eve. between the two cel. types, (typically normalized by sucn as a nouse - 

another gene product expected to be 

keeping gene): and then identifying products of mtere is at .east about 2-fo.d. 10-fo.d. or 
Products w, typical, be of interest '^^J^ZZL. * company - the contro, 

100 -fo.d e.evated (or suppressed) in drfferentiat * pPS ce s ^ ^ ^ ^ ^ on gn 

This analysis can optionally be computer-assisted by marking the p ^ ^ 

dependent axis, wherein the position of the mark ^» ^ me ^ 0 , ^ mark. 

,eve, in the respect ce, and then se.ecting a - ^ ^ ran be repreS ented on a 
Aitematively. the difference in expression between the first ce ,eve.s. red indicates augmented 

«», spectrum (for example, where yellow represents can then be selected based 

, number of purposes. For example, where ^^Ts^Z^ corresponding to these markers. 
can be used - — ^ - ^n^T^i-- PPS cans from a population of 

— — . the ^ can r ^^^^J^ of broad .asses of cel, 

° r^^^'-— * — • ™' or ~ ,inea9es ' or 

may serve as markers of highly differentiated cell types. diffe rentiation of P PS 
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^ . — — — — *- — — — — • • 

influence differentiation into specific cell lineages. 

Therapeutic Compositions reconstitute or regeneration in a 

— 1 - — r^r^;j^^«--« — — - 

McDonald et al. (Nat. Med. 5:1410. 1999. A success and/or neurons, and migrating 

iesion 2-5 weeKs later, differentiated into astrocytes o ^^2,^^-^. 

— ^^^^^--J^VTSl mode, for cardiac cryoi.ur, which 
5 The efficacy of card.omyocytes can be assessed .-atmer* (Li et al.. Ann. Thorac. 

causes 55% of the left ventricular wa.i tissue to ^^Z^^L. Cardiovasc. Surg. 
Surg. 62:65,. 1996: Sa.ai et a, An, Thorac. Surg. and improve heart 

118:715. 1999). Successful treatment will reduce the area of the JT ^ also be modeIed 

30 liver tissue regenerates itself following fulminant hepatoc fa-lure timai 
Cells prepared according to this invent that are useful fo ^"J^Z* suLently sterile 
supplie d in a pharmaceutic* ccmposiUon. comprising an ««c«P-*^ ^ ^ 

L ceils in tissue regenerate, or restoring a therapeutically important metabol.c funct,o. 

The espies that foliow are provided Py way of further il.ustraUon. and are not meant to imply any 
40 limitation in the practice of the claimed invention. 
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culture of irradiated primary fibroblasts. 



Predion of conmone* meoVa (CM, from p*»y fl«~ e ^ e ^^l PBS and incubating 

n«;n flanks bv wash ng once with Ca /Mg Treeroodnu s 
Fibroblasts were harvested from T150 tiasKS Dy wbmih a 

======= --•==■ 

using 3-4 mL per 9.6 cm wen v exchanging medium da.ly at 



40 



newly prepared cells 
Matriget® coating: 



^ h .~ »=»rt, q s cm 2 well and incubated at room temperature for 1 h. or at 4 C at least ovemig 
coating, or stored in DMEM at 4«C and used within -1 week. 



Human ES culture 



Und—d hES colonies were harvested from HES cultures on feeders as fo ows. C «re 
30 incubated in -200 U/mL co.lagenase IV for about 5 minutes at 37 X. Co.onies were harvested by p,ck,ng 
in -d , co,onies up with a 20 uL pipet « P under a microscope or by scraping and d-ssoc, ng ,mo ^ 
Custers in conditioned medium (CM). These ce„s were then seeded onto ^ « ^ ^ 
15 co,onies to each 9.6 cm 2 well p 1 colony is -10.000 cells, then the p,at,ng dens,ty ,s -15*00 -Us on - 

The day after seeding on MatrigeHD. hES ce.,s were visible as small co.on,es (-100* GOD M «d 
35 there were ce.ls in between the colonies that appeared to be differentiating or dy,ng As *^S«* 
pllated. the colonies became gu.te ,rge and very compact. represent the 

the culture dish The hES cells in the colonies had a high nucleus to cytoplasm rat,o and had promment 
nucleoH^mUar to hES cells maintained on feeder cells. At confluence, the differentiated cells in between the 
colonies represented tess than 10% of the cells in the culture. 

Tdays after seeding, the cu.tures had become almost confluent. The cultures were sp„t 
incubating withl mL -200 U/mL Collagenase .V so.ution in KO DMEM for ^ ^ Scrape 
collagenase solution was aspirated. 2 mL hES medium was added per we... and the hES eel, "™ 
from the dish with a pipette. The cel, suspension was transferred to a 15 ^^^^^ 
volume of 6 mL. and gent,y triturated to dissociate the cells into smal. dusters of 10-2000 cel.s. The ce..s were 
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from this experiment are as follows: 

TABLE 1: Phenotype of hES Cells 

Grown in the Absence of Feeder Cells 
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Percentage of 



Marker 



Specificity Ceils Staining 



. ' 

For the hES cens —a. in the absence of 

Tra-1-81. These 3 marKers are expressed on unditferentated human ES • ^ 
(Thomson et a, 1998, , addiUo, there is ve. ,«res,on cl^Al^yJ ^ ^ 
expressed(or expressed at .ow .evels) on undrfferent-ated ^^J^^^^^^Mm. 
SSEA-4. Tra-1-60 and Tra-1-81 indicates that the express.on of these markers 

not the differentiated ce»s in between ■» characterized by Karyotype (assessed by 

^-r-^o^^HT^ -section factor fami, assorted wUh an 

G-banding). expression of OCT-4 (a member oi _ months after jnje cting SCID/beige 

undifferentiated ES ce,.s. assessed by PGR), ability to form ^ ^ ^ ^ 10% 
mice with -5 x 10 6 cel.s). and suitabiUty for cryoprese.vat.on (.n standard med.um 

DMSO and 20-30% SR in a controlled rate freezer). ^ ^ 

Cuitures of hES ce.ls have been grown in the absence of feeder ceUs for ^ 

seeding, with no apparent change in the proliferative capacty or phen *p, ^ 

— - - " s a r:: r ssn — — • — 

rate for hES cells grown on mEF feeder ceus. 



karyotype. 



35 



,% NoMWMIal ammo **» (0«o R~M». .. ^ nb j_ ant human basic fibroblast 

M-~«-> <S*ma. S, MO,. *«-*«■ „ ^ „ „ aMut 

then seeded onto matrix coated plates. 
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e*. *ou,» .he ou^ on or .*—> reached ceo.oence. « — «"* 

me cellure. on MatrigeW or lam,n,n. When cells on Matnee mai „ B |^ on feeder, and 

:r.:;^-"^t — . ~ 

were serially passaged. After 40 days p> pass y However, cells 

in*" i — — - 

" ~tn -LOT) — ,n ne.co.«ed — ePP— — « 
aowh, end showed e dMM morphology alw e few ■»«»"■ shows 
Figure 1 .hows the morphology of hES <*. .n tadeeta. c*™. Panel . ( I 

W,* «"»-*• « ' V m T Ton* m^L oescnh.d" Exemp.e 11 . 

heterodimers. sueh e. oltM. o3»l, o*1. «*'• »" ^ 

supplemented with 10% DMSO and additional 10% SR (total 30 «)■ ne ce 

— — :ir=^ 

31-33 hours, similar to the proliferation rate for hES cel.s grown on mEF feeder cells. H1 cells after 64 days 
feeder-free culture showed a normal karyotype. 
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EMri^JlB rnn^n^ oCT-4, and hTERT. .n order to assess 

Undrt ,erentiatedhESce»s express SSEA-4.Tra.1-60 Tra 1 81. by 

, different matrices. Pane. C: Mean fluorescence intensity of SSEA-1. SSEA-4. Tra 

ce..s cuitured on MatrigeKD in conditioned medium ^""^"^ ^ were djssociateo in 0.5 mM 
For analysis by fluorescence-activated cel. sorting (FACS), the hES ceils were 

m ^ »H«„t «; v 10 s cells in 50 uL diluent containing 0.1% BSA in fea. 

mouse kappa chain antibodies conjugated with PE (Becton D.ckmson. San Jose CA) ^ to 

Z washed and ana.yzed on FACSCalibur™ Row Cytometer (Becton D.ckmson. San Jose. CA) 

. Ce, n™ hES ce„s on feeders. ce,,s on ^ q ^^Z^^ 
SSEA-4. Tra-1-60 and Tra-1-81 . There was very little expression of SSEA-1 . a glycoi.p.o 

by "roL S :lr expression -cted by his— . For analysis ~ 
cells wer incubated with penary antibodies, inc.uding SSEA-4 (1:20). ^™"™*^™£ZL 
, „ , hmpm at 37-C for 30 min Cells were then washed with warm knockout DMEM and fixed 
>5 diluted in knockout DMEM at 37 C tor w mm. w»a 

2% paraldehyde for 15 min. After washing with PBS. cells were .ncubated wrth 5/. ^ » 

rt L 30 min followed by incubation with the FITC-conjugated goat anti-mouse ant.bod.es (1 . 125) (Sigma) a 

35 "-"Cnr- OCT. «. hTERT « H, * on MM ^ « — • - — - * 

„ jrui. ™ — - _ r*:*™,:"^ 

OuantumRNA™ AlternatelBS Internal Standard primers (Amb.on. Aust.n TX. USA) were emp.oy » 
To h lanutctul instruction, Briefly, the .near range of ampliation of a particular P"- ■£ ~ 
40 ried. then coamp.ed with the approph ~ ™^ 

products with coinciding linear ranges. Before addition of AmpUTaq (Rocne, u, instrucUons 
L pre-lncubated with the Ta.Start™ anybody (ProMega) according to <™*^£Z£,- 
Active PCP. reasons were analysed or, ^^^^^^X^ 
phosphoimage screens (Molecular Dynam.cs) for 1 hour. Screens were sea 
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_ »tm enftware Results are expressed as the 

in, ° "ZZL — cond*ons *r particu.ar markers a, as ^ 
NO:3) 5-CTTGCTGCAG ^^^^ ^ «^ 

GGTTTCGGGC A-3': « te1 «^ (SEQ. ID NO:6) 5-GGATGAAGCG 

Sense (SEC. .0 N0:5) ^^^^^^^ X ^20^ 
GAGTCTGGA-3': alternate 8:compeUmers 1^ 34 cy^e ( hES cells an d is down- 

Tne transcription factor OCT-4 ,s "^"J^^, ^ the cells maintai ned on MatngeKP or 
regulated upon differentiation, .n th-s „ hereas mai „ ta ined in Matrige.® in 

la minin in conditioned medium (CM) for 21 days expre s or whicn snowed a 

uncondoned regular medium <HM> did no, Cells '^^^^^ I feed ers. Matrige*) or 
,arge degree of differentiation, expressed lower ievels of OCT-4 compa 

laminin. . ft conditions except Matrigel® and regular 

it./iqr iQ<m All the cu tures conditions snoweu ^u=»>" 
Weinrich et a... Nature Genet.cs 17.498. 1997). All oondlUoned me dium. 

after 40 days on Matrigel®, laminin. flbronecbn or collagen IV .n mEF co 

, n vitro dmerentiation was .nduced ,n dissocjated jnt0 small c , urnps by incubating 

lam inin. — or to form embryoid bodies <EBs) in 

in - 2 00 U,m L ^^^ZZ, 1 mM g,utamine. 0, mM P -mercaptoethano,. and 0.1 mM 
medium conta.ning DMEM, 20 /» FBS (Hycione,. Mareaat es were transferred onto poly- 

/rihrn* After 4 days in suspension, the aggregates were 
non-essential ammo acids (G.bco). wier * y exarT , in ed for the presence 

omithine-coated plates, and cultured for additional 7 days. The cultures were 

, rfu «re«» culture (B) Mucinous epithelial component, cartilage and nerve 
, cells (A), or m feeder-free cuUurc «. probab)e dental 

observed in teratomas ctenved form hES cells mnnnpnts we re found in teratomas derived from 

component, cartiiage and glandular epithelia. or neural components were 



feeder-free hES cultures. 
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invention in which ce..s are dmer^^^ 

For the aggregate differentiation technique, monoiayer cu.tures of rhesus and human ES M were 
harvested »*Zi* in Co.lagenase ,V for 5-20 min. and the cei, were scraped from the p.a*. T*e ^ 
^Ten dissodated and p.ated in non-adherent cei. cuiture piates in PBS-con™ 9 med.um (20 /o non 
ZZL« FBS (Hyc-one, suppiemented wit* 0, mM ncn-essentia. amino adds. mM g.utam e. 0, 
mM -mercaptoethanoi. The EEs were fed every other day by me addition of 2 mL of med,um per we. (6 we 
Z W e - voiume of medium exceeded 4 mLMeil. the EBs were Seated and "-~"J£ 
T« m L pistes were p.aced into a 37-C incubator, and in some instances, a rocfcer was used to fac^te 
ling aggregates in suspension. After 4-8 days in suspend, aggregate bodies formed and were 
olated onto a substrate to allow for further differentiation. 

P Fo the direct dHferentiation technique, suspensions of rhesus and human ES ce..s were prepaid n 
simiiar fashion. The cei.s were then dissociated by tritura«on to c.usters of -50-100 cei.s. and p.ated on, 
rclsiips treated with po.y-omHhine. The ce,.s were maintained in serum contain, g med,um^ d^ned 
medium for 7-10 days before ana.ysis. Ce..s were tested by immunoreactivity for p-tubul.n ... and MAP* 
lich are character of neurons, and g.iai fibniiary acidic protein (GFAP), which ,s charactenstc of 

"^Sixdifferent ES iines dtfferentiated into ce.is bearing marKers for neurons and astrocytes, using e«her 
the aggtgate or direct different^ technique, in cuitures derived from rhesus ES ceH. perce- e 
negates that contained neurons ranged from 49% to 93-,. .n cuitures denved from ^ human ES ^cel* the 
« of aggregates containing neurons ranged from 60% to 80%. Douhie iabe ngfor and 
Liin indicated that a sub-popu.ation of the neurons express the inh^tory ' <J£ 
Astrocytes and oiigodendrocytes were identHied with GFAP immune reactivty and Ga.C .mmune reactwrty 
T^Zy- before, the human and rhesus ES ceils have the capacity to form al. three major ce.i 

phenotypes in the central nervous system. 

The effect of several members of the neurotrophin growth factor fam.iy was exam-ned. hES ceUs were 
differentiated by harvesting with coHagenase, dissociating, and reseeding onto po.y-omithine coated cover 
The ce.is were piated into DMEM/F12 + N2 ♦ 10% FBS overnight. The foi.ov.ng day. the serum was 
loved rom the medl and rep.aced with 10 ng/mL human bFGF and the growth factor being teste* £r 
24 hours. bFGF was removed from the medium. These cuHures were fed every other day. They were ^ed 
after 7 days of differentiation and immunostained for ana.ysis. The number of neurons was eva.uated by 
counting ceils positive for (Mubu.in. Cu.tures maintained in the presence of 10 ng/mL brain denved 
neurotrophic factor (BDNF) formed ap P ro*mate.y 3-fo,d more neurons than the contro. cu.tures. CuHures 
maintained in neurotrophin-3 (1 ng/mL, formed approximate* 2-fo.d more neurons man ««* cu.tures. 

To assess cardiomyocyte formation. EBs were transferred to ge.atin-coated p.ates or chamber si.des 
after 4 days in the suspension cuHures. The EBs attached to the surface after seeding, proliferated and 
differentiated into different types of ceUs. Spontaneously contracting ceils were observed in vanous regions o, 
the cuiture at differentiation day 8 and the number of beating regions increased unt. about day 0. .n ome 
cases, more than 75% of the EBs had contracting regions. Beating ce..s were morpho.og,ca.. y s,m,.ar to 
mouse ES ce.l-derived beating cardiomyocytes. in these cultures 100% of the con.ract.ng areas were 
immunoreactive with cardiac troponin I (cTni). whi.e minima, immunoreactrvity was observed in the non-beatmg 
cells. 
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Hiortprt to Western btot analysis using monoclonal antibody 
Culwre s of dieted * 
against cTnl. This assay gave a strong 31 kDa protem 9 cells, but not .n 

Human cTn.. « was detected in dtfferenUated huma ^ «^ ^ ^ ^ ^ ^ 
undmerentiated ES ce.ls or dHferentiated cu.tures w,th no J*"^" ^ of proteins jn all 

was reprobed with M** specific antibody, confining the presence 

samples - „ „h fnr a or 16 days and maintained as adherent cultures for an 

,n other experiments. EBs were cultured for 8 or 16 days ^a se(njquanUtative RT-PCR 

agonal 10 days. RNA was prepared from the ^^^^ a ^,^. AFP. and 
was performed to detect the relative expression of the ^^^^ — « - « » 
aibumin. Low levels of .,-an^sin and at secant, hi 9 her ,eve,s after 

albumin was detected in the same cuitures. All 3 markers we g 
differentiation. Expression of all 3 endoderm markers was h,gher ,n cultures 
bodies than 16 day embryoid bodies. 

{ro m undifferentiated 

An anaiysis of different gene = was ^ M for 8 day , or 

H9 cultures with mRNA from corresponding EBs. The EBs " ^ EBs were 

Kept in growth medium for 4 days, followed by 4 days of «^^ 0 ^ M niRNAftolII undiffe rentiated 
tested after 2d. 4d. or 3d and the resulting mRNA ^^^^^ into a comp.ex mix 

selected to represent a large portion of characterized using tne Qiage n 

Tota. RNA was harvested from human ES cultures or """^^ d by 

RNAeasy™ Miniprep kit according to the manufacturers '~^™££^^ 0 „ 
ultravio.et absorption at 260 nm. Poly A' mRNA was prepared ^«*"~£L mRNA preparations were 
Cigotex™ Minipreps according to the .nstructions of the 

qu n W ied by A» measurements, then visually inspected fol.ow.ng for co version into 

Sample RNAs were sent to a contract laboratory (incyte Pharmaceu «J~^J^ 
Cy3 or Cy5 labe,ed cDNA probe, which was subsepuenUy hybrid to UN GEM ^ 

""L — » »- *BS cells * — - — • IZZT^'Z 

* „„ Know* ,„n=«.n. *««*»». « *»°" « « » « - M , 

<*,,. c— , — «">■ - — a ° n0 ' 7'" r»tZ cornjnd -n me 

«. of cnangcs in ou nnpMogM. 0! M«M. th. «P»» °< *» »— ,raolv< ' 
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„ DQ ,„„ UDM— - ~ <MmMCa "" ^ 

the centra, ro.e of transcriptional regulators in differentiation processes. 

. 7 . „ — -,,.„~ t .^ nf hFR cells maintained on primary mFF feeder layers 

30 pL of UPC*— 2000 1 * (Gibco. cat * 1 1MM1W »» «««. - ^^^l'^ J 
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u ^ * ipmnerature for 20-30 min before being supplemented with 
~a „ an nu The mixture was incubated at room temperature ror 
mixed gently. The mix Dre . W armed OptiMEM™ and incubated in 0.5-1 mL of 

BOO Ml of OptiMEM™. Cells were washed w,th 3 mL of pre warmed ip was 
the ONA/npid mixture so.uUon at 37*C for 4 h. per wel, (9 6 cm mE,-cond*oned 
removed before the addition of 4 mL of mEF *"^ was le ft on the cells 

medium was added to the we.ls to reach a final volume of ^ ^TZZ sufficient mEF- 
overni ght. in other expenments the DNA:lipid mixture was^ ded ^ ^ 

conditioned medium such that the final volume was 3.5 mL and the cells were 

overnight. ^ ^ * * c fniinw*; Each well was transfected with 10 ug DNA 

Transfer using FuGENE™ was conducted as foHow, Eac we.. 

atter transfection, cells were assessed for GFP express.on oy m p Ljpofectamine 

mix was len on => „ ari ant FuGENE™ protocol resulted in GFP- 

yielded a higher percentage of GFP-expressmg cells, the vanant FuGENE p 

expressing cells with a higher mean fluorescence intensity. The vector 

Transient transductions using adenovira. vectors were conducted as follows The vecto 
Ad5CMV5-GFP (referred to here as Ad5GFP) contains the green f.uorescent 

and counted with a hemocytometer (the 75,000 rriEF feeder ce.ls were subtracted torn 

th e ce„ number before transfection. The adenovirus stock was thawed on ice -d,a^ to us. 

For infection with Ad5GFP, growth media was aspirated from the we.ls conta.nmg hES c^.s and 
replaced with 1 mL of hES medium p.us 9 p L of Ad5 GFP stock (MO. of 40). Two hours later, he v, s- 
« medium was recced with 1 mL of hES medium per we... Each transduced we., was re e £ 
mL of Jh hES med,um every 24 hours. GFP express.on was assessed by f.ow cytometry. - - 
typica. experiment indicated that expression was h.ghest at 24 hr after transduction but pers tedfcr e ast 8 
days at low .eve.s (by the .ater time points, extensive differentiation had occurred due to overgrowth of the 

Ce " S) Figure 8 shows FACS ana.ys.s of hES ce..s p.ated on feeder layers and infected 48 h later with e.her 
, the adenovira. vector Ad5GFP (MO. of 30, or the retrovira. vector GRN354 (MO. of 40 

or 48 h respectively, the ce..s were harvested, stained with an antibody against the stem cei. marker SSEA* 
and a sessed for GFP expression by f.ow cytometry. Upper pane.s show the background f.uorescence and 
SS^TZ^ staining in mock-infected cultures. Lower pane.s show the .eve. of green fluorescence 
resulting from expression of the GFP. 
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r |r n . p^poratinn of i mmortalize 1 feeder cells 

6SamE ^^ (Robertson. supra) can be immortalized by genefcal.y artenng 

the m to express human teiomerase reverse transcriptase (hTERT). The f.broblasts (mEF) are 
retroviral construct pBABE puro hTERT, containing the hTERT coding sequence dnven by the MoLV LTR and 
L plmycin-resistance gene driven by the SV40 early promoter, iso.ates of pnmary mEFs are > cuUured ,n 
^Tniom containing 10% fetal ca.. serum (HyCone). 2 mM g.utamine (Gibco/BRL), and 90% h.gh 
glucose DMEM (Gibco/BRL). mEFs are split every 3 days at a rat.o of 1 :2. 

After 4 such splits. 5 x 10* mEFs are plated onto a 100 mM dish. On the next day. cel.s are mfected by 
rep,acing the growth medium with a mixture containing 5 mL of retroviral stock (1 x 10° pfu/mL) and 4 ug/mL 
p^ybrene. and incubating at 37°C. After 8 h. an additional 5 mL of the retrovirus/polybrene m.xture . added 

and the cells are incubated at 37°C, m « H i.. m 
On the next day. the retrovlrus/pofybrene mixture is removed and rep.aced w,th fresh growth med unv 

After 4 hr. the mEFs are removed from the p.ate with 0.5% trypsin/500 mM EDTA (Gibco/BRL) and rep.ated 

into 2 T150 flasks in 25 mL growth medium/flask. On the next day. the medium is replaced w,th growth 

medium supplemented with 0.5 micrograms/mL puromycin. 

Cells are split once a week at a ratio of 1:4 for 8 weeks and maintained in puromyc.n-conta.n.ng 

medium. After 8 weeks, cel.s are trypsinized and rep.ated at a density of 2.000 ce»s per 150mm plat. 

individual colonies are isolated with cloning cyHnders 26 days later, expanded, and screened for telomere 

activity. 

Mouse feeder cell line NH190 

A permanent mouse cell line has been established that is suitable for conditioning med.um for the 
culture of primate pluripotent stem (pPS) cells. The NHG190 line is a mouse embryonic fibrob.ast ce„ „ne 
immortalized with teiomerase that is triple drug resistant, and expresses green fluorescent prote.n (GPP). 

Two mouse strains were obtained from Jackson Laboratory (Bar Harbor. Maine) that have a transgene 
for resistance to the antibiotics neomycin or hygromycin. The C57BL/6J TgN(pPGKneobpA)3Ems mice and 
C57BU6J-TgN(pPWL512hyg)1Ems mice from Jackson Labs were cross-bred. Embryos that were both 
neomycin- and hygromycin-resistant were dissected at day 13.5 post conception according to standard 
protocols for preparing mouse embryonic fibroblasts (mEF) for feeder layers (E.J. Robertson, pp. 71-112 ,n 
Teratocarc.noma and Bnfarywfc Stem Cell Lines, ed. E. J. Robertson. Oxford: IRL Press. 1987). The derived 

mEF cells were stored frozen. 

The mEFs were thawed in growth medium containing 20% fetal calf serum (HyClone). 2 mM L- 
glutamine (Gibco/BRL). 80% DMEM (Gibco/BRL). The cells were expanded using 1:2 split ratios for 4 
passages. Two flasks that had reached -75% confluence were fed with fresh medium 4 h before 
electroporation. Cel.s were removed from the flasks with 0.5% trypsin/500 mM EDTA (Gibco/BRL). pe.le.ed at 
400 * g for 5 min at room temperature, and resuspended in the growth medium at a concentration of 4 * 10 
cells/mL. 

The cell suspension was divided into two 500 M L aliquots and transferred to two 0.4 cm gap 
electroporation cuvettes (BioRad). One cuvette received 5 ug of the control plasmid (PBS212: puromycn- 
resistance gene driven by the SV40 early enhancer/promoter): the other received 5 ug of pGRN190. 
comprising the murine teiomerase reverse transcriptase (mTERT) coding region driven by MPSV promoter 
plus puromycin resistance gene driven by the SV40 early enhancer/promoter. The cells and DNA were m.xed 
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, . „nd sh« M exciwon ml .miss*" «™iwnhs of M oncooeo pnM. Tne EGFP-1 
cleavage sites, and sum tne oxcraoon . „,„.,., NH 190 cells war. mjnsducod 

,i„e was designated NHG190. These cells have been carried in culture lor over 3 months. 

^^^^ 

X-ray generator, .rradiated cehs were pelleted at 400 . g for 5 min and resuspended at 1.25 10 per 

ceils Ton, e hT ours after seeding, the hES ce,, were transfected with 10 „ DNA ,r« 
r r f N p» '6 fRoche) according to manufacturer' s protoco. in OptiMEM™ serum-free medmm. The DNA was 
FuGENE™ 6 (Roche) accord.ng to NH G190-conditioned medium was 

(Sigma) which was replaced daily thereafter. After 3 days of se.ection. add,t,ona. .rrad.ated NHG19 feeder 
ceU're added (1.25 . 10* ce.ls/we.l in hES medium). Twenty-four h ,ater. the medium was aga,n rep.aced 
with NHG1 90-condiUoned medium containing 200 ug/mL geneticin. replaced da.ly. 
, individual colonies were iso.ated and expanded through another round of select^ ^ ^ 

day , i dividual co-onies were identifed by microscope and marked on the outside of ^. 
removed and repiaced with coi.agenase (-200 U/mL). Individual coionies were racked us.ng a P 20 p pet Up 
nd Tnsferred o individua! tubes containing 2 mL NHG190 condoned medium (without genet™ Jta 
plon was triturated 5 «mes to disaggregate Conies, and the contents of each tube were transferred to 
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, ♦ a WHG190 celts (1 875 * 10 5 cells/well). Cells were 
fed 24 h l.t.r "»«"»«' -"^ J "° ^ ' toI , ^ „ ..a, «=» Mom. 50.75% 

OTS - — o» ^™ j s — - -p. 

eGFP .ncodW, resta «- MM downstream from •» "SO ^ o 5% 

,.„«,, and NHG190 MX c* (7.5 » 10 « 1 ml NHG ^ ^ () 

^dlum for 6 - P«.* Toe hES (*. H7 - ^ °T ' " 7« ^ mM EDTA lap.) - 
3 rc. rWded in S00 ML NHG1.0 med.dm. .n» oo»»d JSW* ^ ^ 

gene.cin. M» 3 M of ge"«» — "» «" * ^ ^ N „G190 

to, 4 »,»». .nd then pwd * 20% FBS medium «» 1 «•*• "«"" „, „. 

c „,„.e »e,e « , 4% ""--^^^"JSIl" «. - 

differentiated cells expressed higher levels of GFP than una 
consistent with differential activation of the MESV-LTR in different cell types. 

about 5.7 x 10 4 cells cm . After at least io noui* cu i tU res Before addition to 

n 9 M added hbFGF. Conditioned medium was collected ^ f ^^^ where ne eded for 

(Sigma cat. # G501 3). narves t e d from cultures by incubation with -200 

H9 hES cells maintained on mEF feeder layers were harves 
units/mL co.lagenase IV at 37°C for 10 min. Cel.s were d.ssocated and resuspended 
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« ht npd medium Cells in the regular medium were then re-seeded onto mEF feeder layers and 

obtained rrom ™usv c s were |ncubated w,th 

Isotvoe matched controls were obtained from Sigma, (St Louis mu, uo , 

Panel B" GFP-positive cells observed in the same colony shown in A. Panel C: FACS analys,s of % QFP- 
Xc^^^^^ 

'bar 3 and 4) after the seeding and analyzed 24 (bar 1 and 3) or 48 h (bar 2 and 4, ^^a TZ 
Bright green cells were observed in compact areas of undifferentiated ES co.on.es o , lammm 24 in after 
traLction (Panels A & B). Transfection at 48 n after ini«a. seeding gave the highest efficiency: 38 , of - 
C e.. S wereGFP-positiveasdeterminedb y FACSanalysis24hafterthetransfection(Pane.C). 

The lament compared the transfection efficiency of HS cells maintained on Ma r ige^o 
.aminin-coated plates in mEF-conditioned medium with cells maintained on mEF feeders .Cel. on feeder 

yers maintained in regular medium were used as a control. Morphotogica. dHferences 
Jeders and cells of, feeders were observed i or 2 days after seeding. Colonies on feeder we. more 
compact than ce,,s maintained off feeder .ayers; individua, hES cells in feeder-free cultures 
and flatter. There was no significant deference in cel. or colony morphology ~ 
on Matrigel These cells were transfected with a plasmid expressing GFP driven by the CMV promoter 2 days 
after seeding. Twenty-four hours after the transfection, cells were examined for GFP expression under a 

on mEF feeders in regu.ar medium (mEF/RM), on laminin in medium 
conditioned by mEF (Laminin/CM) or on M*»» In the condoned medium ^ 
Figure 10(A), bright green cells were observed in undifferentiated hES co,onies of «eeder-f.e cufture • In 
Contrast very few green cells were found in colonies on feeders. FACS analysis showed that 1«% o cells on 
ZZ^Z 14% of ce,.s on laminin were GFP pos.ve in SSEA. high popular while on,y M of ce s on 
feeders were positive. These results indicate that transfection efficiency is signmcantly mcreased by us.ng 
feeder-free conditions. 
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The next experiments eva.uatei the effects of 1 ) the ratio of DHAJptt 2) adding the DNA/lipid complex 
to ceils 4 h pnor to the addition of mEF-conditioned medium vs. addition of the comp.ex to cells ,n the 
presence of mEF-conditioned medium: and 3) use of Upofectamine 2000™ vs. F"GENE™ 
' Transtech using Lipofectamine2000™ is described above. Transfecfon wrth FuGENE w- 
conducted as fol.ows. The plasmid DNA ,5-10 ug of P EGFP-C1. ConTech cat. # 6084-1, was 
Ta L. voiume of 100 ,. in piiot experiments. 5-30 pL of FuGENE™ were added to sufficient OptiMEM™ to 
Z 2 s na, vo.ume of 100 pU. The DNA soiution was then added ,ow,y to the FuGENE™ so = an 
mtd gentiy. The mixture was incubated at room temperature for 30 min before being supplemented *h «» 
of OptiMEM™. Cells were washed with 3 mL of pre-warmed OptiMEM™ and incubated »1* of me 
DNAflipid mixture soiution a. 37<C for 4 h. .n some experiment., a, 4 h the wei.s received an addmona, 2 mL 
of mEF-conditioned medium; in others the DNA/iipid mixture was added to wei.s conta,n,ng 2 mL of mEF- 
conditioned medium and the ceils were incubated in this mixture ovem.ght. 

The results are shown in Figure 10(B). Highest efficiencies were obta-ned under the follow^ 
conditions- Bar 1 = a mixture of 5 pg plasmid plus 12 p. of Upofectamine 2000™. adding 1 mL of fhe 
0 N " id mixture to wells containing 2.5 mL of mEF-condi«oned medium and incubaing the ce^ls ,n h 
mixture overnight. Bars 2 & 3 = a mixture of 10 pg plasmid plus 15 p. of FuGENE™ and mcuba.ng the cells .n 
1 mL of the DNA/lipid mixture for 4 h before adding 2.5 mL of mEF-cond-foned med,um. 

L=Lipofectamine2000™; F=FuGENE™. 

,n another series of experiments. hES cells were transfected after being detached from the malnx ,n 
feeder-free culture using a solution of 0.5 mM EDTA in steri,e PBS (instead of -*^J>* ™ 
incubated for 5 min at 37-C. unti. individual ce.ls began to round up. The EDTA so.ut,on was hen ^moveo. 
L -1 mL o, condoned medium was pipetted into the we.,, detaching the ce..s. The resu.tant Ouster were 
then related in a new feeder-free cu.ture at a sp.it ratio of 1:3 or 1:6. Under these condttons. the h,ghest 
transient transfection efficiency was achieved when the ce.ls were lipofected 24 h after seed.ng. 

To investigate whether the feeder-free hES ceils undergo stab.e genetic mod.ficat.on. H1 hES ce.ls 
maintained on Matrige.® were cotransfected with a mixture of 7.5 pg plasmid carrying P -ga.actosidase dnven 
by the EF1a promoter, and 2.5 pg of p.asmid carrying the PGK promoter driving the neophosphotransferase 
gene The cells were transfected 48 h after plating them on Matrige® in mEF-conditioned medium. 10 pg of 
piasmid plus 15 p. of FuGENE™ were incubated with the ce,.s in 1 mL for 4 h before adding 2.5 mL of mEF- 
conditioned medium. After 48 h. medium was exchanged for mEF-conditioned medium supplemented w,th 
200 pg/mL geneticin. Cultures were maintained in this geneticin-containing medium with da.ly med.um 
exchange for over 21 days. A.. mocK-transfected cuitures (i.e.. those that received FuGENE™ m.xed 
water rather than p.asmid) died within 48-72 h. Drug resistant colonies arose in the wells transfected wth both 
FuGENE™ and plasmid at a frequency of about 1 in to 10* origina.ly transfected cells. The colonies were 
35 maintained in geneticin-containing mEF-conditioned medium and expanded. 

PvamnlP 11 : Alt»™ a ti„» *"»rce s nf rnnriitinned medium for feeder-free culture 

Conditioned media from several ce.l .ines were tested for their ability to support the growth of hES cells 
in feeder-free cu.ture. .so.ation of primary mouse embryonic fibrob.asts (mEF) and the NHG190 teiomerized 
mEF line have already been described. STO is a transformed mouse fibroblast line avai.ab.e from the ATCC. 
BJSta is a teiomerized human foreskin fibroblast cell line. hTERT-RPE is a teiomerized human retinal 
epithelial cell line. 

Medium used for growing cells was as foltows. 1. mEF medium: 90% DMEM (G.bco BRL. Rockv.le. 
MD). 10% fetal bovine serum (FBS) (heat inactivated) (Hycione). and 2 mM L-g.utamine. 2. STO medium: 
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»• . a ririQ ^ BJ 5ta medium: 90% DMEM and 10% 

. ^« 

P„P»o conditioned »™ respeCv. C, _ • - 

c* won, »W « '^^^^^^.^^^Wc.^*. 

w ~=tr 0 ;» - c„ -coow ,o, bj « c*. — = 

ior RPE OH. AMr « W « _ hES Mfo „ »». « 

1 5 factor (hbFGF; Gibco). maintained on Matrigel® 

Fiaure 1 Panel B (Right Side) shows morphology of hES cells of the H9 l.ne ma.nta » 

nr L hv mEF NHG190 STO and BJ 5ta cells, compared with unconditioned regular med.um 
^tT^S^l- differenced within the first weeK of c,.re. The ceHs in the 
The cells m R appropriate ES-morphology. Based on the morphology. 

Led in orderof decreasing preference asfo.iows: pnma. mEF. ™* ™ ^ ^ „ )aminin in 

Similar to cells maintained in «^^^^^^^-««^ 

r nediumconditionedb y omerc e i...nes. I nc.ud,ngNHG190.STOandBJ -J on 

t < «r> ,„h Tra 1-81 but low levels of SSEA-1 as analyzed by FACS analysis figure , 

E tm ,s 1-3. medium was prepared by adding 4 ng/mL hbFGF to the medium before con « 
30 with th mEF, and then again w*en the conditioned medium was collected and used for eed-ng o hES 
oelis To determine if both additions of hbFGF to the medium are necessary to ma.nta.n the ES cells n tne 

u^JenLd state, experiments were performed in ^^^^^TJ^Z^ 
Cultures maintained in conditioned medium without the second add.trcn of hbFGF d,d not appear 
he a,.hy Ta y passages, and appeared differenced after 29 days in culture. Cells — 
35 » Led me ium without the first addition of hbFGF displayed mostly differentiated > ^ 

f ormed smaller undifferentiated colonies after 27 days in cuKure. Cells ^^ ^^Z 
without either addition of hbFGF completely differentiated after 18 days. In contrast cells cuUured ,n 
Inditioned medium prepared with both add.tions of bFGF appeared hea,thy and 
culture Thus, preparing conditioned medium by adding bFGF both before and after cultunng w,th the 
40 cells helps prevent differentiation of hES cells in the subsequent feeder-free culture. 

S or ge of conditioned medium was tested as fo.low, Batch medium was prepared b» , con*™* * 
,-2 days ,n mEF ce.l cultures as described, and stored at 4«C in sealed culture flasks. Feeder- free ES eel 
its were maintained with stored medium exchanged daily. Characterise morpho.og.ca. features of 



— 51 — 



PCT/US01/01030 

WO 01/51616 

— c* — - — « — 7 C<OT " a ' ,,e * " ES — " 

^.Tl. , UF , » — » — — * — ? 

5 „ . «, „nc»*n - ,=00. « o, 500 *L = ES 

o-— -«-^"— — " a — 

— * ™- - — - up - - -~* hEs - ,n - ^ 

10 in the absence of feeder cells. 

Lns were derived from hES cel.s that have the morpho.ogica. criteria of feasts and mesenchyma. 
tpIIs Thev are capable of supporting hES cells in feeder-free culture. 
„ ^"lS«-h--«-^--*- l '«'" B,,,,, ■ To torm embryo* bod**, 

the hE^£ weHarvested after incubation with -200 U/mL co.iagenase .V at 37«C for 10 m,n. and 

, vi( |B wore seeded into each well (9.6 cm ). Wter ^ aays 
to form aggregates in suspension. -2x10 cells were seeaeo attmrtuut to thB olates and 

suspension the aggregates were transferred into gelatin-coated piates. They attached to the 
20 :r U I7 to drfferelto -o ceils - d«erent morphologies. " ^ 

of 100-1000 ce..s in the mixed popular of the differentiated cells after an additional 11 days^ 

To isoiate the fibrob.ast-.iKe ceils, the cu.ture was incubated in -200 U/mL ceHagenase .V for 3 mm a 
37 °C Clusters o, fibroblasts ce..s were removed with a Pipetman™ under a m,croscope an< e,*er 
Lsferred directly to a tube containing the deferential media or released into the co.iagenase so.ut^and 
25 Z Z^y coiiected. The ce.is were spun, .suspended in different media and piated onto on w*,tf 
a 6-we.l plate. The ceHs proiiferated, and were seria.ly passaged. The cuitures were swtched to mEF med.a 
in the third passage, in all procedures, cells were fed every 2-3 days. 

To introduce telomerase into the fibrob.ast-.iKe ce.is. they were infected with retrovirus express 
hTERT as fo..ows. Ce.is were seeded onto 6-we.. piates at B.6 x 10< ceils/wel. (9.6 cm*) one day before 
30 infection, incubated with virus-containing media suppiemented with 4 ,g/mL polybrene for 8 h before bemg 
changed to mEF medium. Different wel.s were infected with pBABE-hTERT or a pBABE vector cor*oL 
pBABE-hTERT was constructed by Coning an hTERT encoding seouence (5'UTR and ™<™£ 
KozaK consensus translation initiation site at positions -1 to -5 from the ATG start codon) ,n to the EcoR. siteof 
commercia.ly available pBABE.puro. piaCng the hTERT encoding region in ^ 
35 (Ouei.ette et a... Hu. Mo.. Gen. 9:403. 2000). The ce.is were cu.tured for addrtiona. 6 days, and setected 
puromycin at a fina. concentration of 1 .6 ,g/mL for an additional 8 days. The celts were then harvested and re- 

seeded in mEF medium. .,..,,„,. rrfte were 

The ceils were expanded and continued to display f.brob.ast-liKe morphology for 50 days. Cells we 
coi.ected for TRAP assay 20 days after the infection. The ce..s were maintained in mEF medium from dayO to 
40 27 and were switched to differentiation media from day 28 to day 43. Cells were counted at each passage 
after the selection and the population doubling was calculated. retrovirus) 

Both the telomerized and control cel. lines (non-transduced or transduced w,th ^ 
proliferated in culture for -7 or 8 doublings during 50 days in cuiture. Ce.is transduced wrth the hTERT 



— 52 — 



PCT/US01/01030 

WO 01/51616 

^i»h» in tho trap assav whereas the control cells did not 
expression cassette showed posKve teiomerase ^ "J^^ ^ 
show any. The hTERT-hEF ce„s serial >^ » ^ ™ 

To prepare conditioned medium, the hTERT ^ed oe is we ^ 
Ca"/Mg~ free PBS and incubating in 1.5-2 mL tryps^DTA ra<j counted and seeded at 

, fromthep.ate.theywere*^ 

abou t 3.7-5 x 10* cetis/we, After at .east 16 h. the ^^Z^ " «** ^ 
(serum replacement medium described above, w.th 4ng/mL exogenous* 

factor). ThreetofourmLwereusedperwellofa6wel.plate. n ^ ^ h£S 

Condoned medium was co.iected dairy for feed.ng of hES ^ nTERT . nEF 

, cuitures. the condoned medium was suppiemented wrth 4 ng/mL o, hbFGF <G.bco) 

cultures were used in this system for 1-2 weeks_ hi ^ ^ ^ Qf 

The abiHty of the medium to support hES ceH grov^ was ^tes q & p) 

hES ceiis repiated in feeder-free cu.ture on Matnge® «*£^f£ cells. The cuitures appeared 

tormed co.onies with morphoiogy charactenstic of fee(Jer cells or on M atrige«i> in 

5 indi stinguishab,e from hES cel, * - - - 

m edium condoned by pnmary mEF. ^^^ j^ ™*^^| j es showed a degree of dKferentiation. but the 

features of undifferentiated embryonic stem cells. A few coiome 

extent of differentiation was similar under each of the culture c °" d ^ ^ ata1:3 or1 :4 

displaying morphology characteristic of hES cells. 

c ^ p,- MUlum mnditjonerl hy hEFs from the HI line ^ ^ ^ 

second human ^^™^J?~^J^**~m« 

25 designated H1 . Embryoid bodies were formed as before, and after y 

onto gelatin-coated «~ ^ bulk culture rat ner than being seiected out by pipette. 

In this example, fibroblasts were aeveiope 
The cunures were incubated in 2 mg,mL CCagenase type .. , PBS* ^""^ pUjte The 
nested, dissociated, centrifuge*, .suspended in d«ferent«tion <^£££ FBS. 0.1 mM non- 
30 pro.iferat.ng ce,.s were passaged in hEF medium (90% DMEM. passages, the cel. 
essentia, amino acids, and 2 mM L-g.utam.ne). and fed every 23 ^ was 
popu.ation appeared homogeneous with morpho.ogica. charactenstics of fibrob.asts. Ths 

designated HEF1 . tolnm » rase exDression vector (pBABE-hTERT), or 

Subpopulations were transduced with the retrovirus telomerase express.on 

35 with vector control, as in Example 12. shows telomerase 

Figure 11 — — -the hTERT expression cassette showed 

^tTe™ 

with the vector control showed ^BR^s^ HEF1 ce.ls. and ce,.s transduced w*h 

40 Figure 12 shows the growth curves of the when the ^ cei.s 

vector contro.. Both .ines doub.ed about once every da^ unWthe 8 ay P ^ ^ 

stopped dividing (presumab.y because they had reached the Hayfl.ck ,mt >- 
conled pirating beyond the 60 day point (30 doub.ings) at a consent growth rate. 
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, . thft hTERT transduced cells and control cells, after staining for 
5 mM K*Fe(CN>6, 5 mM KaFelCN*. 150 rr,M NaCI 2 mL ^ t J^ - ^ did ^ Tne 

TneHEFic^censst^^ 

combined resu.ls indicate that the express.cn of hTERT extern* *e P ^ ^ 

Medium was conditioned as in Examp.e 12. us.no HEF1 eel s ^ 

-4.1 to 5.5 x 10* ce..s cm" 2 . The medium was tested for its ability to support growth of the 

cultured on a MatrigeKS. substrate. ^.^ ^ by mouse 

Pinura 14 shows co onies of hES cens aner p*j«o y a upfi 

embryo^rlsts. or b y «. HEF1 ce,. iine. The hES ceiis ^^j^-^ 

coined medium for. passages. ^^^7^^^*-*- 

nES ceiis were found to maintain express.cn of hTERT .ndOCT . ^ ^ 

to demonstrate telomerase activity, as measured .n the TRAP assay, wn.cn 
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hES cells 

Fvamnle 14 " »-nNA libraries 



40 



------- —7 „ 3fe ^ 

gua nidinium isothiocyanate (GITC) and the - ^ ^ 

condi^ons in which R»A is bound, but contaminants ^ ^ quantmed by 

the prescribed buffers supplied by the manufacturer, the total RNA was 

absorbance at 260 nm. oiinotex™ protocol and 

Polv A + mRNA was then purified from the total RNA preparation by us.ng the Ol-gotex p 

0 In Germany) Briefly bead matrices containing cova.entiy bound dCoT* oi.gonuc.eot.des 

^;:r~. »>. - * - « » — - -i::^: 

„ W (MM p,i™»«W.or .no Sup-Scdpl- II "verse Ir-W"-- I JT*^ Rinded cDNA was 

„l„ » — * . — - - - — o-Atr JZZ 
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^ ~> to transform UltraMax™ competent E. coii (Life 

/• ^ T^hnni rt nies> The ligation products were used to transrorm uu r 
(Life Technologies). w containing ampicillin. Ubraries produced 

T ~h««mnif«ri which were subsequently plated onto medium plates containing in w 

dissociated into clusters ana piaiea , H „ri n ne> 0 1 mM non-essential amino 

composed of 80% KO DMEM (Gibco). 20% non-heat-macUvated FBS (Hyclone). 0.1 mM no 

acids. imMglutamine. and 0.1 mM B-mercaptoethanol. were fed every 

The EB were then seeded a. a 1:2 ratio in 2 mL medium per 9.6 cm well. The EBs were fed every 
other day by adding 2 mL of medium per wel. up to 4 mUwel,, and then co,,e<*ng and suspending „ 2 mL 
T k Tota, RNA was prepared after -2-8 days in suspension cutture. Alternatively. EBs were 

furt her 7 days. This resu,ts in formation of a diverse ce.l popular, and proves ^NA, probab 
because of higher ce.l density. Yield of tota. RNA from -20 to 500 x 10< ce.ls was -25 to 2500 pg. 

Selection of Promoters for Expression in hES celis M ^ inrx in 

Select o ^ s tested ^ abjnty to driye stable long . term gene expre^on in 

undifferentiated hES cel., Constructs were introduced either by retrovira, fransductK,, or by FuGENE 

at 37= for 7-10 min. When co.onies began to detach, the co.iagenase from each we,.^^ and 
p Id with 2 mL of standard hES medium/we... The hES ce.ls were removed by scraping the surf ce of a 
Z^l witb a 5 mL pipet and transferred to a 50 mL conic, tube. Addition, hES 
J vo ,ume of 10 mL. The ceil suspension was grated 10-12 times with a 10 mL pipe an » 
mL of standard hES medium added. Three mL of the cei. suspension were added to each we., of ****** 
That were pre-coated with ge.atin and mEF feeder layers as described above (i.e.. 1 wel. of a 6 we,, p,ate was 

sufficient to seed 6 wells of a new plate). einnater « r- RN 354 was 

Transduction using re.ro.rus was conducted as foHows. Retroviral vector esig ateC ^ -s 
constructed at Geron Corp. using PMSCVneo vector purchased from ClonTech (cat # K10 2- U Th eGFP 
encoding region was inserted downstream from the MSCV LTR. The LTR dnves express,on of GFP. and the 
vector also contains the neo' gene driven by the murine PGK promoter. 

Plates were coated with 0.5% ge.atin and NHG190 feeder ce,.s (7.5 x 10' in 1 mL NHG190 med.um for 
24 wel. Plates; 3.75 « 10* in 3 mL medium for 6 we., p.ates). The hES ,ine H7 was seeded 
preP ared p.ate in hES medium (1 mUwe,,). Forty-eigh, h ,ater. 3 we., of hES c„s were detached us,ng O05 A 
rypsin/5 mM EDTA (Sigma, at 37X. resuspended ,n 500 pL NHG190 medium and counted. Stock o 
reLrus construct pGRN354 was thawed on ice immediate.y prior to use. Growth medium was aerated 
Tom he we , and r p.aced with 400 uL hES medium p.us 8 pL retrovirus (MO. of 10) and 4 pL of 8 mg/mL 
TstuL (Sigma). Twoh,te, 800 PL hES medium wereaddedperwe,,. Each t.nsduced we,, was 

refed with 1 mL fresh hES medium every 24 h. 

Four days after transduction, medium was replaced with 1 mL hES medium conta.n.ng 200 pg mL 
geneucin. After 3 days of geneticin se.ec.io, the c,,s were detached with 

resuspended in 3 mL hES medium, reseeded into one w„ of a 6-we„ p,ate coated with ge,a»m and NHG190 
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on ans , in reniaced with hES medium 

w*^ »d »»« -> •« ™*» *• 24 ™'"" m """ ^ 

Upohcwn asm, FuGENE 6 (IWM «« „ ^ «, . M M o, .00 * 

,„ pw „p«w». "0 „U ol FuGENE ^ ^ ^ p u QEHE"* «*«. 

,„ «-*««. <—■•» ^™ s i'i^ir.^o=« »— p— «■ ■ 

celb were re-fed with mEF conditioned medium plus 4 ng/mL hbFGF and 9 
me cells were re-fed with medium containing 200 uG/mL geneticin on a da,.y bas,s. 
Results of representative experiments are summarized in Table 2. 
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Method 



Retrovirus 
Transduction 



Upofection 
Lipofection 
Upofection 
Upofection 

Lipofection 

Lipofection 
Lipofection 



TABLE 2: Testing of Promoters for Expression in 
human Embryonic Stem Cells 

Number of 
Constructs Undifferentiated 
(promoter / ORF combination) Lines Derived 



MSCV-LTR/GFP; 
PGK/neo 
(single vector) 

CMV / p-galactosidase; 
SV/neo 
(single vector) 

CMV / GFP; 
PGK / neo 
(2 vectors cotransf ected) 

UbiC* / p-gaiactosidase; 

PGK/neo 
(2 vectors cotransf ected) 

EF1a / p-gatactosidase; 

PGK / neo 
(2 vectors cotransfected) 

MSCVLTR/neo; 
PGK / hTERT 
(single vector) 

EF1a/neo 



UbiC* / neo 



mixed culture 



5-6 pooled colonies 



13 individual lines, 
4-5 pooled colonies 



16 



Result 



100% G41 8 resistant 
50-65% GFP positive 

100% G418 resistant 
fi-Hgalactosidase negative 

100% G41 8 resistant 
GFP negative 



100% G418 resistant 
fj-galactosidase negative 

100% G418 resistant 
GFP negative 

100% G41 8 resistant 
differentiated cells only 

100% G418 resistant 

100% G418 resistant 



By these criteria, »e PGK,EF1a, an* UbiC promoters are appropriate for sta b .e iono-term expression 

of cDNA clones in undifferentiated hES cells. 

follow. 
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What is claimed as the invention is: 

a compost coding pirating primate piuripotent stem (pPS) ceHs. which is essentially free of 
feeder cells. 

2. The common o, Cairn 1, further comprising a conditioned medium produced by collecting medium 
from a culture of feeder cells. 

3. The compost of any preceding daim. further comprising extracellular matrix components (such as 

Matrigel®, laminin, or collagen). 

4 A method for cuituring primate p.uripotent stem (pPS) ceils, comprising cuKuring pPS cells in a growth 
en^nment essentia.iy free of feeder cei.s Out containing condoned medium produced by co.iect.ng 
medium from a culture of feeder cells. 

A method for producing a condoned medium suitab.e for cuituring primate piuripotent stem (pPS) ce.is 
in a growth environment essentially free of feeder cells, compnsmg: 

a, conditioning medium by cuituring ceils in the medium, wherein the ce.is are a eup.o.d ce.. I.ne 
that can proliferate in culture for at least 60 days; and 
b) harvesting the conditioned medium. 

Conditioned medium to support cuituring primate piuripotent stem (pPS) cells in a growth environment 
essentially free of feeder cells, produced according to the method of cla.m 5. 

7. The composition or method of claims 2-7. wherein the cei. line used to produce the conditioned medium 
has one or more of the following properties: 

i) it is euploid; 

ii) it is an immortalized mouse cell line; 

iii) it is a human cell line; 

iv) it is a fibroblast cell line; or 

v) it can proliferate in culture for at least 60 days. 

8. A human cel. .ine obtained by differentiating a cu.ture of human embryonic stem ^-"^ 
population of differentiated cells that comprises fibroblasts cells, and then se.ect.ng fibroblast-,, Ke 
ce.. S from the culture; wherein conditioned medium produced by harvesting medium from a cu. ture o 
the fibrob.ast-.ike ce.is supports growth of pPS cells in a culture environment essentially free of feeder 

cells. 

9 The composition or method of claims 2-8. wherein the cell .ine used to produce the conditioned medium 
' has been genetically altered to express telomere reverse transcriptase (TERT) at an elevated level. 



6. 
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10 A method o, produce a drfferentated ce., popu.ation. comprising causing or pending ce.ls of a 
composition according to claims 1-3. 7. or 9 to differentiate. 

A method for producing differentiated ce,.s from a donor cuKure of undeleted primate piuripotent 

stem (pPS) cells, comprising: 

forming embryoid bodies; and 

c) harvesting differentiated cells from the solid surface. 

12 . a method for producing differentiated cei, from a donor cuiture of primate P .uripotent stem (pPS) ce,.s. 

^"providing a culture of primate p.uripotent stem (pPS) ce.ls that is essentially free of feeder 



comprising: 
cells; 



b) changing the medium in which the cells are cultured; and 

c) harvesting differentiated cells after culturing for a time in the changed medium. 

13 . The method of claims 11-12. wherein the donor culture of pPS ce.is is a cu.ture essentia.* free of 
feeder cells, according to any of claims . 



14. 



15. 



The method of claims 11-13. having at least one of the following features: 

0 the solid surface bears a poly-cation (such as poly-lysine or po.y-om.th.ne>; 

„) differentiation is promoted by withdrawing serum, serum replacement, or a factor that .nn,b,ts 

differentiation from medium in which the cells are cultured after rep.at.ng; or 

, d*ferent.a to n is promoted by adding a factor (such as s^O^f*^™* 

BDNF; or NeutroUophin-3. NT-3) that promotes differentiation in medium .n wh.ch the ce.ls are cuUured 

after replating. 

A differentiated ce.. population produced by the method of any of claims 10-14. 



17. 



16 A method of screening a compound for ceHu.ar toxicity or mediation, compns.ng contac*ng a 
^Inflated ce.i according to Cairn « with the compound, determining an y +^j£2r 
changes in the ce.. that resu.t from contact with the compound, and corre.at.ng the change wrth ce..u.ar 

toxicity or modulation. 

A method for producing a po.ynuc.eotide comprising a nucieotide sequence ^^^^ 
is expressed at a different leve. in committed or differentiated ce..s compared w.th undrfferenUated 
primate piuripotent stem (pPS) cells, the method comprising: riiffpremia ted 

a) determining the level of expression of a plurality of mRNAs ,n commrtted or d.fferent, a ted 
cells in comparison to the .eve. of expression of the same mRNAs in undifferentiated pPS ce..s; 

b) identifying an mRNA expressed at a deferent .eve. in the committed or d.fferen,a«ed ce.ls. 
relative to the undifferentiated pPS cells; and 

^preparing a po.ynuoleotide comprising a nuc.eo.de sequence of at .east 30 conserve 

nucleotides contained in the identified mRNA. 
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a) providing a composition of pPS ceils essenuany 

" ^ b) transferring a po.ynuc.eof.de .nto pPS ce., .n the compost; and men opuonaHy 

c) preferential se.ect.ng ce..s that have been geneticaHy altered wrth me po.ynuc.eot.de. 

1 9 A method of producing genetica.-y attered primate p.uripotent stem (pPS) ce.,. 

a, providing a compost of P PS ce., on a .ayer of feeder ce., that are drug-res,stant. 

b) transferring a po.ynucleotide into pPS ce..s in the composition: and 

o) se.ect.ng genetica.ly altered ce., .n the composition using the drug to wh.ch the feeder ce., 



are resistant. 



21. 



22. 



20. The method of Cairns *«. wherein the poty.uc.eot.de comprises a ^^^^ 
linked to a promoter that promotes transcription of the encoding reg.n ,n an und.fferent.ated pPS ce... 

A popu,t.on of primate p.uripotent stem ( P PS) cel., in wh.ch at .east 25% of the — £££ 
cells have been stab.y transfected with a po.ynuc.eotide, or are the progeny of such ce..s that 

inherited the polynucleotide. 

A popu.at.on of genetic*.* a.tered differentiated ce..s. obtained by dtferentiating the ce..s of Cairn 21 . 

23 A method of producing an mRNA preparation or a cDNA iibrary from primate 

eels before or after differentiation, comprising providing a cu.ture of undifferenfa.ed pPS cells 
1^ le of feeder ce,,. optionally permitting the pPS ce.ls to different^ and iso.afng mRNA 
from the undifferentiated or differentiated ceils. 

24 The method of Calm 23. comprising iso.ating mRNA from pPS ce., in a culture of 
feeder ce.ls. and recombining cDNA copies o, the mRNA .nto a Con.ng vector. where, , the cDNA 
'pies are o P era«ve.y .inked to a transcripts, regu.atory contro. e.emen, (such as the PGK promoter) 
that promotes transcription of the cDNA in undifferentiated pPS cells. 

25 The method of Cairns 23-24. which is a method for producing a cDNA subtraction iibrary enriched for 
Lscripts dtferenay expressed in a first cel. popu.at.on compared with a second 

comprising incubating together preparations of mRNA (or cDNA copies thereof) 

and second ce.. poou.ations under conditions that permit polynuCeotides present ,n both preparafons 

I ^ cross-hybrid J: and then recombining polynucleotides that have not cross-hybridized .nto a c.on,ng 

vector. 

26. A cDNA iibrary produced according to the method of any of claims 23-25. 

27. A cDNA ..brary of a. .east 1,000 genes expressed at the mRNA .eve. .n either 

ce.,. or ce.ls differentiated from pPS cells, wherein the Hbrary is essenfal.y free of cDNA of other 



vertebrates. 



— 60 — 



pcr/usoi/01030 

WO 01/51616 

♦ i*oct of cDNA segments in the library comprise the 
28. The cDNA library of claims 26-27. wherem at least 30 A or cun* sey 

entire encoding region of the corresponding mRNA. 
29 a method tor producing a pCynuCeo.de containing a sequence of an mRNA exposed * 

determined sequence. 

containing the determined sequence. 

3, A method for producing an antibody specific for a poiypeptide expressed in undifferentiated or 
ted PPS cei.s. comprising determining amino acid sequence from a prote.n 
ofTmRNA or cDNA obtained according to Cairns 23-25. and immunizing an anima. or contacts an 
immunocompetent cel. or particle with a protein containing the determined sequence. 

32. The method or composKion of any preceding Cain, wherein the P PS cei.s are human embryonic stem 

(hES) cells. 



— 61 — 




1 / 15 



WO 01/51616 



PCT/US01/01030 



Figure 1(C) 
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Figure 2 
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Figure 3 



MEF 



Matrigel 



Laminin 




4 / 15 



WO 01/51616 



PCT/US01/01030 



Figure 4 
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Figure 5 
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Figure 8 
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Figure 10(B) 
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Figure 12 
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Figure 13 
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<210> 1 

<211> 15 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 1 

aggtcgacga gagag 

<210> 2 

<211> 15 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 2 

ctctctcgtc gacct 

<210> 3 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 3 

cttgctgcag aagtgggtgg aggaa 
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<211> 21 
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<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 4 21 
ctgcagtgtg ggtttcgggc a 

<210> 5 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 5 20 
cggaagagtg tctggagcaa 

<210> 6 

<211> 19 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 6 19 
ggatgaagcg gagtctgga 
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